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MITRAL STENOSIS* 


I. Preliminary Results of One Year Follow-up 


By JAMEs PampusH, M.D. 


TRAINEE IN CARDIOLOGY, 


1952-1953 


AND 


Rosert A. Bruce, M.D. 
ASSOCIATE PROFESSOR OF MEDICINE (CARDIOLOGY) 


(From the Department of Medicine, University of Washington, Seattle, Washington ) 


Ir is generally recognized that mitral 
commissurotomy may yield magnet 
results in properly selected patients!” 


11.15. Yet with the nascent enthusiasm 


for surgical treatment it was easy to 
overlook some of the many facets of 
the natural history of mitral stenosis as 
it was presented to physicians. 

Bland, Jones, and White followed 
1000 children with rheumatic heart dis- 
ease for 10 years and observed the 
disappearance of mitral systolic and 
diastolic murmurs in 53 of these chil- 
dren*. Grant observed that one-third 
of young adults with mitral stenosis 
died of heart disease within 10 years’. 
One-half of the survivors showed no 
progression of the disease, and were 


*These studies have been supported in part by Grant-in-Aid H-908 (C) 


considered, for this reason, and because 
of absence of cardiac enlargement, to 
have a “good” prognosis. Soloff and 
Zatuchni found that precipitating fac- 
tors were often responsible for the 
symptoms and manifestations of cardiac 
insufficiency in patients with rheumatic 
heart disease!*. With appropriate medi- 
cal treatment, the cardiac status often 
improved considerably for a prolonged 
period of time. Finally, many patients 
with mitral stenosis live for long pe- 
riods before the lesion is even recog- 
nized. In 31 of 101 patients observed 
at necropsy by Graham and associates, 
the diagnosis of mitral stenosis was 
not made during life*. Although 47 of 
these 101 patients had marked mitral 


) from the National 


Heart Institute of the National Institutes of Health. 
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UNOPERATED PATIENTS WITH MITRAL STENOSIS 


stenosis, the clinical records at the 
Boston City Hospital indicated that 15 
of these patients had little or no car- 
diac disability prior to the terminal 
illness. Thirty-eight of these patients 
lived over 60 years and 13 lived over 
70 years. 

Physicians continue to encounter oc- 
casional patients who have mitral sten- 
osis and get along surprisingly well 
with only minor disability. Contrari- 
wise, not all patients submitted to com- 
missurotomy maintain significant im- 
provement. A recent study indicated 
that one-half of the patients operated 
had a delayed improvement with pro- 
longed convalescence, and one-third 
showed heart failure in succeeding 
months*. Hence it is important to eval- 
uate more closely the course of patients 
with mitral stenosis who are not sub- 
mitted to mitral commissurotomy. This 
report presents data on such patients 
who were observed for one year. 

Material and Methods. Fifteen patients 
were selected from a large group of patients 
evaluated for mitral commissurotomy on the 
basis that they were not submitted to surgery. 
The salient clinical characteristics of these 
patients are summarized in Table 1. There 
were 10 women and 5 men with an average 
age of 40.6 years. Although there was individ- 
ual variation in the onset of symptoms and 
disease, the average age of occurrence of 
acute rheumatic fever was 16 years. Heart 
murmurs, symptoms of disability and heart 
failure were recognized at the mean ages of 
27, 33 and 37 years, respectively. The func- 
tional capacity (classified according to the 
criteria of the New York Heart Association 
on a scale of I to IV)1!2 averaged 2.7. Thus 
these patients were considered to be a repre- 
sentative sample of the group of patients with 
appropriate indications for el commissur- 
otomy because mitral stenosis was the pre- 
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dominant valvular lesion responsible for car- 
diac symptoms. 

These 15 patients were not submitted to 
mitral commissurotomy for the reasons stated 
in Table 1. The principles upon which these 
first 3 reasons were formulated have been 
described elsewhere?. Approximately one 
year later the patients were re-evaluated by 
the same observers in identical manner. Three 
class IV patients, ranging in age from 35 to 
40 years, had died as a result of congestive 
heart failure (R.M. and R.B.), or pulmonary 
embolism (F.S.) in the intervening time. 
The data obtained from the remaining 12 
patients form the basis of this report. 

The methods of evaluation included a clin- 
ical history, physical examination, chest fluor- 
oscopy and radiography, electrocardiograms 
and ancillary laboratory tests. All patients 
were studied by means of standardized exer- 
cise tolerance tests, as described re- 
viously+-6*, Statistical data were evaluated by 
means of Student’s t test. 


Results. A. CLINICAL OBSERVATIONS. 
The changes in the clinical findings in 
the 12 surviving patients evaluated 
again about one year after the initial 
appraisal are shown in Table 2. No 
symptom disappeared completely, but 
the incidence of orthopnea, paroxysmal 
nocturnal dyspnea, cough on exertion 
and hemoptysis diminished. Only one 
instead of 6 patients still had some evi- 
dence of congestive heart failure, and 
none showed signs of dependent edema. 
The number of patients ‘requiring salt 
restriction and diuretics for control of 
cardiac edema was reduced. Since there 
was no increase in the number of pa- 
tients taking digitalis, or requiring daily 
rest periods, it is suggested that the re- 
duction in incidence of manifestations 
of pulmonary engorgement and conges- 
tion was probably due to the removal 
of unrecognized precipitating factors, 


*The test consists of a walk on a treadmill ergometer operating at a rate of 1.7 M.P.H. on 
a slope representing a 10% grade. Recorded observations are made at one-minute intervals of 
of the blood pressure, heart rate, respiratory rate, respiratory efficiency (difference between 
oxygen concentration of inspired and expired air) and an apical precordial lead electrocardio- 
gram. The test is initiated by 4 minutes of observations while the patient is sitting at rest, 1 


minute of standing, 10 minutes of walking (unless symptoms necessitate cessation sooner } 


and 


5 minutes of a recovery period in the sitting position. Minutes of endurance, respiratory 

efficiency and heart rate are integrated into a score called the Physical Fitness Index (PFI). 
In addition, changes in symptoms, signs, and electrocardiogram are noted during exercise. 
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such as respiratory infections, or ex- with reference to the diastolic mur- 
cessive emotional or physical stresses. murs of mitral. stenosis. On the average, 

The incidence of cardiac enlarge- however, the changes in murmurs were 
ment did not increase during the pe- subtle, and probably within the range 
riod of these observations. Possibly of individual variation in patients and 
further valvular disease developed, observers alike (Table 3). 


TABLE 2.—COMPARISON OF THE DISTRIBUTION OF 
CLINICAL FINDINGS IN 12 PATIENTS 


One Year 


Frequency of: Initially Later 
1. Symptoms 
Fatigue 11 10 
Dyspnea on Exertion 1] 11 
Dyspnea at Rest & 4 
Orthopnea 6 l 
Parox. Noct. Dyspnea 
Chest Pain 7 6 
Cough on Exertion 10 6 
Hemoptysis 6 2 
2. Changes in Physical Activity 
Limited 7 1 
Required Daily Rest Periods 
3. Complications of R.H.D. (History 
Subacute Bacterial Endocarditis l 0 
Active Carditis l 2 
Arterial Emboli 2 0 
Congestive Heart Failure 6 l 
4. Signs 
Moderate Cardiac Enlargement 7 6 
Atrial Fibrillation 5 5 
Aortic Stenosis 5 6 
Aortic Insufficiency l 3 
Mitral Insufficiency 8 8 
Systolic Murmur along LSB 3 i 
Pulmonary Congestion 5 3 
Hepatomegaly 2 3 
Dependent Edema 4 0 
5. Treatment 
Daily Rest Periods 5 3 
Digitalis 8 8 
Salt Restriction 3 l 
Diuretics 2 0 
Adequately Treated 7 10 
6. Clinical Classification 
2 0 
II 5 8 
Il 5 
especially in relation to the aortic valve The changes in the functional classi- 


(Table 2), but the changes in inten- fication also were variable, with more 
sity of these murmurs was hardly sig- patients in class II on the second exam- 
nificant, with the exception of patients ination than initially. 
L.L., G.S. and E.R.* There were var- B. EXERCISE TOLERANCE. The changes 
iable changes in the murmurs arising in the symptoms and signs observed 
from the mitral valve, more particularly during the same standardized stress of 
*The early diastolic murmur in this patient was attributed to pulmonic insufficiency; 
actually it may have been associated with an early aortic lesion. : 
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exercise reflected the slightly improved 
status of the patients that was noted 
by clinical examination. For example, 
there was a very slight and statistically 
insignificant sochuntinn in the average 
intensity of dyspnea with this particular 
exertion and similar change in the aver- 
intensity of fatigue (Table 4). 
Nevertheless, e er increased from 
a mean of 7.6 to 8.6 minutes. The great- 
est change was an increase in the mean 
physical fitness index for this test from 
9.3 to 12.0. This change approached, 
but did not actually achieve signifi- 
cance in a statistical sense (P .01 to 
.02). The factors responsible for this 
slight improvement were the endurance 
and the increased respiratory efficiency 
(from 3.8 to 4.3 volumes %), but the 
considerable individual variation pre- 
cluded these changes being significant 
(P to 46). suggested, however, 
- it the apparently improved 1 rate of 
oxygen absorption by the lungs re- 
flected an improved status in pulmo- 
nary function. Presumably this correl- 
ated with the clinical findings of 


age 


diminished incidence of pulmonary en- 


gorgement and congestion. 

In addition to these minor changes 
of borderline significance towards more 
nearly normal pulmonary function, 
there were slight variations in the mean 
systolic blood pressure. Thus the aver- 
age pressure was lower during rest, 
and higher during the standardized ex- 
ertion. Consequently the pulse pres- 
sure during exercise increased, and 
therefore approached the normal re- 
sponse. These changes were not signifi- 
cant statistically because of the 
of individual variation. 

Discussion. Ideally a control group 
should be limited to alternate patients 
who had proper indications for, but 
arbitrarily were not submitted to sur- 
gery. Since this was obviously not the 
case for every patient in this small 
series, some bias may have been intro- 


range 
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duced. Actually the 3 patients who re- 
fused surgery did not exhibit substan- 
tially different courses from other sur- 
viving patients who were not submitted 
tc surgery for reasons indicated. Since 
none of the patients originally found 
to be in class IV were still alive, no 
further evaluation was possible for 
these individuals. It was of interest to 
observe, however, that those patients 
who died within months from their 
rheumatic heart disease ranged in age 
from 35 to 40 years. Thus their life 
expectaney was markedly reduced. 

All of the patients originally consid- 
ered to be in class I, II or III were still 
living about one year later. There was 
no substantial change in the manifes- 
tations of valvular heart disease in most 
patients. The most impressive clinical 
changes observed in these patients were 
the reduction in the incidence of symp- 
toms, signs and treatment of pulmo- 
nary congestion and cardiac edema. Pre- 
sumably this represented recovery from 
unrecognized precipité iting factors that 
may haw e been responsible for the man- 
ifestations of cardiac insufficiency that 
prompted the patients to seek medical 
consultation initially. Since there was 
no increase in the number of patients 
receiving digitalis or observing daily 
rest periods, it was unlikely that these 
clinical changes could have been at- 
tributed to improved medical care. 
Seven of these 12 patients exhibited 
no change in the clinical classification 
of their functional capacity, and, al- 
though there were variations in the 
other 5 patients, there was no substan- 
tial change on the average. 

There were no de Siaitely significant 
changes (P less than 001) in any of 
the parameters routinely appraise d by 
the standardized exercise tolerance tests 
in the 12 surviving patients. Neverthe- 
less the endurance and respiratory effi- 
ciency during exercise increased in the 
follow- -up tests one year later, and the 
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greatest increment was in the physical 
fitness index from a mean of 9.3 to 12.0 
which approached borderline signifi- 
cance. In addition there was slight al- 
though practically negligible improve- 
ment in the systolic pee pulse pressures 
during exercise. It is suggested, there- 
fore, that these changes paralleled the 
clinical observations “ol a decrease in 
the incidence of symptoms and signs 
as well as treatment of pulmonary con- 
gestion and cardiac edema. - Hence 
these observations were in accord with 
those of Graham and associates that 
secondary pulmonary vascular changes 
played a ‘role in the sy mptomatology of 
mitral stenosis, though there was no 
correlation between the severity of val- 
vular stenosis and degree of increase of 
pulmonary vascular resistance’. 

It is apparent from these observa- 
tions that any satisfactory appraisal of 
the functional capacity of patients after 
mitral valve surgery must take into 
account 2 important factors: First, none 
of the improvement attributed to sur- 
gery could be accounted for by pre- 
operative medical treatment, particu- 
larly with respect to the precipitating 
factors that may have been responsible 
for the appearance of cardiac insufh- 
ciency. Thus the functional capacity 
needs to be re-evaluated preoperatively 
after a period of intensive medical 
treatment over a sufficiently long period 
of time. The exact details of pee of 
these requirements of treatment and 
time can only be defined on terms of 
the particular clinical findings in each 
patient. Secondly the measurements of 
. functional capacity a year or so after 
surgery should demonstrate statistically 
significant improvement, particularly 
WwW ith respect to exercise tolerance. This 
latter point is essential, inasmuch as the 
apparent increase in the physical fitness 
index of these unoperated patients ap- 
proached borderline significance. Both 
of these requirements have been evalu- 


BRUCE: 


ated in patients selected by our criteria 
and tested by means of the standardizd 
exercise tolerance test*-*, 

Summary and Conclusions. 1. The 
clinical characteristics and tolerance of 
standardized exercise have been pre- 
sented for 15 patients with rheumatic 
heart disease and mitral stenosis who 
were not submitted to mitral valve 
surgery for a variety of reasons. 

2. When the patie nts were re-evalu- 
ated one year later, it was discovered 
that the 3 patients with class IV func- 
tional capacity had died of their dis- 
ease or complications, despite the fact 
that their ages ranged from only 35 to 
40 years. 

3. There were no marked changes in 
the clinical manifestations of valvular 
heart disease in the 12 surviving pa- 
tients with class I, Il or III functional 
capi acity. 

4. There was a reduction in inci- 
dence of symptoms and signs, as well 
as treatment, of pulmon: ry conges- 
tion and cardiac edema in these 12 
patients. These changes were attributed 
te recovery from the adverse effects of 
unre cognize d precipitating factors, such 
as re spiratory infection or excessive 
physical and _ psychological stresses, 
rather than to any increase in the num- 
ber of patients receiving medical treat- 
ment. 

5. The exercise tolerance of the 12 
surviving patients exhibited im- 
prov ement of only borderline rather 
than definité significance with respect 
to the physical fitness inde x, endurance 
and respiratory efficiency. These 
changes reflected improv ed pulmonary 
function and were in accord with the 
clinical observation of a reduction in 
the manifestations of pulmonary en- 
gorgement. 

It is concluded that patients 
should not be submitted to surgery un- 
less there is evidence of persistent 
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symptomatology and disability, due to ance test supplements the clinical ap- 
pulmonary engorgement secondary to praisal of functional capacity. Serial 
mitral stenosis despite sufficiently pro- tests may aid in the determination of 


longed medical treatment. 


the optimal time for surgical interven- 
7. The standardized exercise toler- tion. 
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THE EFFECTS OF INTRAVENOUS INFUSIONS OF THE OPTICAL 

ISOMERS OF DIBOZANE- (McN-181;1,4-BIS[1,4-BENZODIOXAN-2-YLM- 

ETHYL]PIPERAZINE), AN ADRENERGIC BLOCKING AGENT, UPON 
HYPERTENSIVE SUBJECTS* 


By Louis B. Kramer, M.D.+ 
RESIDENT IN CARDIOLOGY, PHILADELPHIA GENERAL HOSPITAL 


Ropert VAN Horne, M.D.} 
RESIDENT IN CARDIOLOGY, PHILADELPHIA GENERAL HOSPITAL 


SAMUEL BELLET, M.D. 
PROFESSOR OF CLINICAL CARDIOLOGY 
GRADUATE SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 
CARDIOLOGIST, PHILADELPHIA GENERAL HOSPITAL, AND GRADUATE HOSPITAL 


AND 


GeorcE B. Px.D., M.D. 
PROFESSOR OF PHARMACOLOGY 
DEPARTMENT OF PHYSIOLOGY AND PHARMACOLOGY, GRADUATE SCHOOL OF MEDICINE 
UNIVERSITY OF PENNSYLVANIA 


(From the Division of Cardiology, Philadelphia General Hospital, and the Departments of 
Internal Medicine [Cardiology] and of Physiology and Pharmacology, Graduate School of 
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania ) 


THE effects on the blood pressure of toms were noted occasionally. Electro- 
hypertensive subjects produced by in- cardiographic recordings of Wolff-Park- 
travenous infusions of a new adrenergic inson-White complexes were obtained 
biocking agent, Dibozane (McN-181; in one patient. There were additional 
1,4-bis[ 1,4-benzodioxan- 2-ylmethyl]pip- indications that, in the doses employed, 
erazine) were described recently by the drug exerted direct effects on the 
Rosenblatt et al.'°. Although prior lab- cardiovascular system unrelated to 
cratory studies had demonstrated the adrenergic blockade, some of which 
compound to be an extremely potent might have opposed the hypotensive ef- 
hypotensive drug of low toxicity’, fect of the primary mechanism of ac- 
moderate falls in pressure occurred tion. Similar results were obtained i 
during fewer than half the infusions a clinical trial of Dibozane, viii. 
into patients'’. Furthermore, side ef- tered orally, for the treatment of hy- 
fects were rarely severe but their inci- pertension in ambulatory patients®. 
dence was high; those which occur- Some of the group who received the 
red most frequently were drowsiness, drug for several days or weeks ob- 
weakness and tachycardia; dizziness, tained moderate falls in pressure, but 
palpitation, slurred speech, dyspnea, nearly all experienced some of the 
apprehension and miscellaneous symp- aforementioned side effects. 


*Preparations of the optical isomers of Dibozane (McN-181) were supplied by McNeil 
Laboratories, Inc., Philadelphia, Pennsylvania. 

tPresent address: Ohio State University Health Center, Columbus, Ohio. 

{Present address: 521 Cedar Avenue, Niagara Falls, New York. 
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Subsequent work has shown that the 
original preparation of Dibozane con- 
sists of approximately one-half meso- 
isomer and one-quarter each of the 
dextro- and levo-rotatory isomers 
(hereafter referred to as the meso, levo 
and dextro isomers )''. Following the 
resolution of the mixture, preparations 
of the individual isomers were made 
available for study. Observations of 
mice injected intraper itoneally with 
the 3 different isomers of Dibozane 
indicated that they might have dis- 
tinct pharmacological actions while pos- 
sessing the same order of toxicity 
(i, D50 250 mg. per kg., 
intraperitoneally). In a- -an- 
esthetized dogs, the levo isomer was 
the most potent in producing a lower- 
ing of blood pressure, reversal of the 
pressor effect of epinephrine and 
blockade of that of norepinephrine; it 
was twice as active in these respects 
as the original preparation. The meso 
compound was found to be approxi- 
mately equipotent to the latter, and the 
dextro isomer about one-eighth as ac- 
tive’. In an earlier study of the phar- 
macological actions of the optical 
isomers of another adrenergic blocking 
agent, 883F, Bovet and Simon! found 
the levo isomer to be several times as 
potent as the dextro isomer in var- 
icus species. 

It was the purpose of the present in- 
vestigation to compare the hypotensive 
activities and individual side effects 
of the 3 isomers of Dibozane in pa- 
tients. Lf one should be: found to be 
active in reducing blood pressure while 
producing a minimum of undesirable 
symptoms, it would obviously be po- 
tentially a more useful drug. Infusions 
of the dextro isomer were giv en 9 times, 
and of the levo and meso isomers 10 
times each to a total of 10 hyperten- 
sive patients. Two of the group had 
received the unresolved preparation in 
the earlier study. 


Methods. All patients selected had well- 
documented elevations of blood pressure, 
blood urea nitrogen values of 6 to 30 and 
negative phentolamine or piperoxan tests; 
their responses to sodium amytal were var- 
iable. Patients with a history of myocardial 
infarction were excluded. All patients showed 
cardiomegaly by roentgenograms and had 
patterns indicating left 
ventricular hypertrophy or myocardial abnor- 
mality, or both. Although all appeared to 
have normal renal function on the basis of 
phenolsulfonphthalein and urine concentra- 
tion tests, 3 had had nephrectomy: patient 4 
for a renal calculus and patients 1 and 5 for 
undetermined reasons. Patient 4 had also 
undergone thoracolumbar sympathectomy ap- 
proximately one year - previously. 

Sedation was withheld the night prior to 
each study, which was conducted in a quiet 
room. Patients remained supine and were 
made as comfortable as possible throughout 
the procedure. The infusion tubing was so 
arranged that solutions could be changed 
without the patient's knowledge. Ausculta- 
tory blood pressure readings and pulse rates 
were recorded every few minutes, and elec- 
trocardiographic tracings, usually of lead 1, 
were taken every 5 to 10 minutes. Initially 
and during the various periods the patient 
was asked simple questions relating to gen- 
eral and personal information and was asked 
to perform simple arithmetic tests. Responses 
were noted and various statements of the 
patient were recorded. In addition, the pa- 
tient was observed for restlessness, confu- 
sion, somnolence, retching and other side 
effects. Dilutions were prepared immediately 
prior to infusion by adding 10.0 cc. of a 1% 
solution of the isomer in 7% lactic acid to 
90.0 cc. of 5% glucose solution. During the 
initial control period, the patient was given 
an infusion of 5% glucose solution until the 
blood pressure appeared to be stabilized. 
The infusion was then changed to one of 
the isomers and at the termination of its 
administration, infusion of the control glu- 
cose solution was started immediately. Blood 
pressure was allowed to stabilize again, after 
which another isomer was given. Two differ- 
cent isomers were infused in 4 tests, and all 
3 isomers were given in sequence 7 times. 


.The order in which the different isomers 


were given was varied in all possible com- 
binations (Table 1). 


Results. A. EFFECTS ON BLOOD PRES- 
SURE AND HEART RATE. In order to pro- 
vide a comparison of the relative hypo- 
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tensive activities of the 3 isomers, we in the relatively horizontal lines of 
have plotted all systolic and diastolic Fig. 1. 


pressure readings obtained during the 
infusion and subsequent conboel pe- 
riods. Accordingly, the exact changes 
during any given infusion can be read, 
TABLE 1. 


“SEQUENCE OF ADMINISTRA- 


TION, DOSES, AND PERIODS OF INFU- 
SION OF OPTICAL ISOMERS OF DIBO- 
ZANE (McN-181). 
Patient Sequence of Dose Period 
Isomers mg. min. 
] D 80 34 
L 86 35 
Q D 91 35 
M 70 26 
QA* L 64 21 
M 95 35 
3 L 56 35 
M 100 54 
M 92 25 
L 97 31 
D 95 25 
5 B 78 34 
D 86 22 
M 65 21 
6 D 95 45 
M 68 17 
L 85 26 
7 M 81 29 
D 96 30 
L 95 28 
8 L 98 56 
M 92 34 
D 95 28 
D 90 30 
$2 17 
M 96 30 
10 D 100 28 
M 100 28 
L 90 37 
100 27 
* Same patient as 2, infusion given one week 
later. 


interval between the two 
L-isomer. 


| Thirty-one minute 
infusions of the 


but a glance at each figure permits as- 
sessment of the general trend of pres- 
sures. 

The dextro isomer was found to exert 
no significant effect on blood pressure 
yw pulse rate in the 9 patients who re- 
ceived doses ranging from 80 to 100 
mg. over periods of 22 to 45 minutes. 
The absence of any change is reflected 


The levo isomer was given in a dos- 
age range of 42 mg. to 100 mg. in time 
iaiervale varying from 17 to 56 min- 
utes. The lower dosages and _ shorter 
time periods were generally determined 
by marked responses of the patients. 
There were marked falls in pressure in 
5 of the 10 subjects, the changes in 
minimum blood pressure values from 
the prior control periods to during or 
after the infusion periods being as 
gre ey 1 (78/50), 2A (90/40) 

3 (126/80), 8 (34/30) and 9 (76/14) 
These changes are indicated in Fig. 2 
by the steep slopes of the plots. Patient 
5 had no change in blood pressure but 
developed a sinus tachycardia; the 
pulse rate rose from 100 to 108 to 142 
during the infusion of 78 mg. This pa- 
tient had had amputation of both legs 
in his youth and a subsequent nephrec- 
tomy. ‘He had exhibited the same rise 
in pulse with no fall in blood pressure 
when given the unresolved mixture in 
the previous study. Patient 4, who had 
undergone bilateral thoracolumbar 
sy mpathe ctomy, showed only a moder- 
ate decrease in blood pressure, namely, 
22/12 with a dose of 97 mg. infused 
over 31 minutes. Prior to and during 
the infusion she manifested constant 
shivering. The significance of this re- 
sult is further complic: ated by the fact 
that she developed a gr: adual fall fol- 
lowing the preceding infusion of the 
meso isomer, and the pressure might 
not have become completely stabilized 
during the intervening control period. 
The latter situation may also account 
for the lack of hypotensive response to 
the levo isomer in patients 6 and 7, 
both of whom showed moderate falls 
during the prior infusion of the meso 
compound. 

In the course of 10 infusions of the 
meso isomer over a dosage range of 
65 to 100 mg. given in 17 to 54 min- 
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Fig. 1.—Systolic and diastolic pressures of 9 patients during infusions of the dextro isomer of 
Dibozane, and during the immediately subsequent control periords. 


Fig. 2.—Systolic and diastolic pressures of 10 patients during infusions of the levo isomer of 
Dibozane, and during the immediately subsequent control periods. 
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utes, marked falls in blood pressure oc- 
curred 3 times, in patients 2 (40/30), 

(54/40) and 7 (20/36) (Fig. 3). In 
4 patients (2A, 3, 8 and 9) who had re- 
ceived infusions of the levo isomer prior 
to the meso compound, the former 
produced vasodepression but the latter 
did not. Patients 5 and 10 showed no 
hypotensive response to either the meso 
or levo isomer. Patients 2A and 9 ex- 


Fig. 3—Systolic and diastolic pressures of 10 patients during infusions of the 
and during the immediately subsequent control periods. 


Dibozane, 


hibited moderate tachycardia and pa- 
tient 6 had a slight rise in pulse rate, 
as with the levo compound. 

B. EFFECTS ON ELECTROCARDIOGRAM. 
No significant electrocardiographic 
changes occurred during or after infu- 
sions of the dextro isomer. 

Five patients exhibited significant 
electrocardiographic changes with the 
levo isomer. Patient 2A developed pre- 
mature beats with short bouts of nodal 
rhythm at the rate of 44 per minute, 


HORNE, 


BELLET, KOELLE: 


starting 7 minutes from the beginning 
of the infusion and persisting until 14 
minutes after its discontinuation. At 
the same time, the waves became 
more inverted. Patient 4 also developed 
auricular and nodal premature con- 
tractions, with bouts of nodal rhythm 
beginning 7 minutes after the start 
of the infusion. Sinus tachycardia was 
exhibited by patients 5 and 9; in both 


MESO 240 


meso isomer of 


cases, the heart rate increased by ap- 
proximately 40 beats per minute about 
5 minutes from the beginning of infu- 
sion. A wandering pacemaker devel- 
oped in patient 3, accompanied by epi- 
sodes of nodal rhythm with retrogr: ade 
conduction which persisted for 25 min- 
utes after the cessation of the infu- 
sion. Minor changes in the T wave 
(increase in height, or increased inver- 
sion) were noted in most of the pa- 
tients, but these were apparently of 
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little significance since equal or greater 
changes of the same types could be 
produce »d by changes in body position. 

The meso isomer produced consider- 
ably less modification of the electrocar- 
diographic pattern. During its infusion 
occasional auricular premature contrac- 
tions were noted in patients 2 and 4. 
Slight lowering of the ST and T seg- 
ments, accompanied by complaints of 
precordial distress, occurred in patient 
6 approximately 10 minutes after the 
beginning of infusion. Sinus tachycardia 
(140) and increased inversion of the T 
wave occurred in patient 9 shortly after 
the infusion was terminated. The height 
of the T wave increased slightly in 
patient 3. 

C. spe EFFECTS. The only symptom 
noted during or after infusions of the 
dextro isomer was slight drowsiness. 
Since this occurred with approximately 
equal frequency during x control periods, 
it was due most likely to the prolonged 
period during which the patients re- 
mained supine. 

Drowsiness occurred during 7 of the 
10 infusions of the levo isomer; in 2 
cases it was marked. Other side effects 
and their frequencies resulting from 
the levo isomer were nausea (6), rest- 
lessness (5), palpitation (4), desire to 
urinate or defecate (4), vomiting (3), 
complaints of difficulty in breathing 
(2), chills (2) and singultus (2). 
Single instances occurred of headache, 
slurred speech, and inability to answer 
questions. There was no evidence of 
disorientation, confusion or dizziness. 

The most striking difference between 
the meso isomer and the other 2 was 
in the marked effects of the former 
on the higher cerebral centers. During 
9 of the 10 infusions of the meso com- 
pound there was impairment in the 
patients thinking and recall abilities 
which was marked in 8 cases, moderate 
in 1 and absent only in patient 6. 
These effects came on early during 


the infusions and cleared up completely 
from 5 minutes to half an hour after 
their termination, and were character- 
ized by inability to answer routine 
questions or to do simple subtractions. 
Only patient 7 exhibited a similar re- 
sponse to the levo isomer, and with the 
latter it was much less pronounced. 
Other central effects of the meso com- 
pound and their frequencies were con- 
fusion (6), disorientation (4), restless- 
ness (4), slurred speech (4) and diz- 
ziness (2). In patients 2 and 5, be- 
havior bordered on a psychotic state 
and was accompanied by extreme rest- 
lessness and aggressiveness. Additional 
side effects with the same isomer were 
drowsiness (6), nausea (5), vomiting 
(3), headache (2), palpitation (2), 
urge to urinate or defecate (2), shiv- 
ering (1) and singultus (1). 
Discussion. The foregoing results in- 
dicate that the administration of the 
individual optical isomers of Dibozane 
permits dissociation of the undesirable 
effects from the hypotensive action only 
to a limited extent. The side effects of 
impaired cerebration, dizziness, slurred 
speech, confusion and disorientation 
were observed almost exclusively with 
the meso isomer. The development of 
nodal beats and rhythms and wander- 
ing pacemaker occurred only with the 
levo compound. On the other hand, 
both the levo and meso isomers pro- 
duced drowsiness, palpitation, nausea, 
vomiting, restlessness and urinary and 
defecatory urgency. While both the 
levo and meso isomers were able to 
lower the blood pressure, the action of 
the former was more pronounced in 
this regard, both in the number of sub- 
jects affected and in the degree of low- 
ering. We did not substantiate the pre- 
vious impression’ that failure of the 
blood pressure to respond was due to 
compensatory tachycardia. As_ ex- 
amples, patient 10 had no change in 
blood .pressure or in heart rate with 
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either the levo or meso isomer, whereas 
patient 9 showed a fall in pressure af- 
ter the levo isomer although she de- 
veloped tachycardia. The dextro isomer 
produced no significant hypotension or 
side effects in any of the patients. 

It has been mentioned that the order 
in which the levo and meso isomers 
were administered seemed to be an 
important determining factor in some 
patients who responded with a fall in 
pressure after the first isomer given 
but were unresponsive to the second. 
Prior administration of the dextro 
isomer did not appear to influence the 
effect of either of the others. These 
impressions were supported by the re- 
sults in the patient who received infu- 
sions on two separate occasions (2 and 
2A). When the meso compound fol- 
lowed the dextro, a marked fall in 
blood pressure occurred. On the sec- 
ond occasion, when the levo isomer was 
given prior to the meso, the latter caus- 
ed no significant change whereas the 
levo isomer had caused a marked tem- 
porary drop. In addition to the pos- 
sible explanation given above, that in- 
sufficient time was allowed for the sta- 
bilization of pressure between infu- 
sions, the reciprocal influences of the 
levo and meso isomers might be ex- 
plained on the basis of either mutual 
tachyphylaxis or mutual antagonism. 
Examples of both phenomena have 
been reported for optical isomers of 
sympathomimetic amines. Thus, Chen 
et al.* demonstrated tachyphy- 
laxis with the optical isomers of ephed- 
rine, in that an initial injection of one 
resulted in a diminution of the expected 
pressor response to another given sub- 
sequently. Tainter and Seidenfeld'? 
found that doses of the dextrorot: 
isomer of syne phrine which were in- 
active in the perfused rabbit’s ear an- 
tagonized the vasoconstrictor effect of 
the levorotatory isomer. In addition to 
the vasodepressor effe ce of the isomers 
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of Dibozane, one aspect of their side 
effects might be attributed to mutual 
antagonism. The outstanding cerebral 
symptoms produced by the meso iso- 
mer in the present study were not ob- 
served in the earlier study when the 
original preparation was employed, ex- 
cepting in one patient who had a pre- 
cipitous fall in blood pressure after 
receiving a high dose of the drug 
orally’. It is possible that this action 
ot the meso isomer was prevented by 
the presence of the levo or dextro 
isomer in the unresolved preparation. 

The therapeutic limitations of adren- 
ergic blocking agents in general have 
been reviewed, and reasons presented 
for their inability to lower blood pres- 
sure without producing undesirable ef- 
fects in a high percentage of patients** 
The present results do not appear to 
modify this picture essentially, for 
doses of both the levo and meso iso- 
mers of Dibozane which produced sig- 
nificant vasodepression in hypertensive 
patients also caused well-defined side 
effects. However, the use of drugs of this 
type as adjuncts to other agents in the 
treatment of hypertension has not been 
explored sufficiently, and this aspect of 
their possible use deserves further 
study. At a lower dosage range, Dibo- 
zane might potentiate the hy potensive 
action of a drug acting by another 
mechanism without producing unde- 
sirable effects. In addition, the com- 
pound’s pharmacological potency and 
relatively limited toxicity indicate that 
it may be of value in the therapy of 
various types of peripheral vascular dis- 
ease, where results to date with adren- 
ergic blocking agents have been en- 
couraging*’. 

Summary. 1. The individual optical 
isomers ( dextrorotatory, levorotatory 
and meso) of Dibozane (McN-181) 
were given by intravenous infusion to 
10 hypertensive patients in order to 
determine their relative vasode »pressor 
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potencies and characteristic side effects. 
Two isomers were administered on 4 
occasions and all 3 isomers on 7 occa- 
sions, with a control period following 
the infusion of each isomer. 

2. The dextro isomer (80 to 100 mg. 
in 22 to 45 minutes) caused no signifi- 
cant hypotensive or side effects in 9 
patients. 

3. The levo isomer (42 to 100 mg. in 
17 to 56 minutes) produced significant 
falls in blood pressure (34/30 to 126/ 
80) in 5 of 10 patients. The most out- 
standing side effects were cardiac 
arrhythmias, including auricular and 
nodal premature contractions (2), 
sinus tachycardia (2) and wandering 
pacemaker (1). The other side effects 
which occurred most frequently were 
drowsiness (7), nausea (6), restless- 
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ness (5), urinary or defecatory urgency 
(4) and vomiting (3). 

4. The meso isomer (65 to 100 mg. 
in 17 to 54 minutes) produced signifi- 
cant vasodepression (20/36 to 54/40) 
in 3 of 10 patients. Marked temporary 
impairment of thinking and recall 
abilities occurred 8 times, along with 
confusion (6), disorientation (4) rest- 
lessness (4) and slurred speech (4); 
other side effects were drowsiness (6), 
nausea (5) and vomiting (3). 

5. Although the levo isomer was 
found to be the most potent vasodepres- 
sor agent in essential hypertension, its 
side effects limit its potential therapeu- 
tic usefulness. Possible applications of 
Dibozane as an adjunct in the treat- 
ment of hypertension and as a thera- 
peutic agent in other conditions are 
discussed. 
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DYE-INJECTION METHOD AT REST AND DURING EXERCISE* 
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KNOWLEDGE of the cardiac output is 
of fundamental importance in the des- 
cription and understanding of hemo- 
dynamic phenomena. The Fick pro- 
cedure has been widely and _ success- 
fully used in de ‘termining cardiac out- 
put at rest. However objections may 
be raised to its use during exercise; 
and further, cardiac catheterization 
necessary for the Fick method, may 
be a formidable procedure for the ser- 
iously ill patient. Recent studies sug- 
gest that the indicator-dilution tech- 
nique, also known as the _injection- 
method, for determining cardiac out- 
put is of value during exercise and 
can be used in seriously ill patients'-*: 
5.7.8 

In this communication we report on 
the use of the injection-method in nor- 
mal subjects during rest and exercise. 
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Methods. Twenty-four subjects were 
studied at rest, and 9 of these during 
rest and exercise. Four were house of- 
ficers and the remainder were hospital- 
ized patients without cardiovascular 
disease. 

Observations were made in the early 
morning, in the post-absorptive state 
and in recumbency. No sedatives were 
administered. 

Cardiac output was determined by 
means of the dye-injection method of 
Hamilton and co-workers® with minor 
modifications as reported previously’. 
Five milligrams of a 0.5% solution of 
Evans blue dye were injected rapidly 
through an indwelling venous needle 
from a tuberculin syringe previously 

calibrated by weighing. The dead space 
of the indwelling needle was known 
and accounted for in determining the 


*Sponsored in part by the Massachusetts Heart Association. 
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amount of dye injected. Samples of 
arterial. blood were collected by free- 
flow from an indwelling arterial ‘needle 
through a short length of polyethylene 
tubing into heparinized tubes mounted 
along the rim of a circular lucite disc 
equipped with funnels arranged so that 
spillage between tubes was minimized. 
Flow through the polyethylene tubing 
was constant but pulsatile. The dec 
was rotated about a centrally placed 
vertical shaft by a variable- -speed elec- 
tric motor. The usual collection time 
for each tube was 2 to 2% seconds. 
Samples of arterial blood were centri- 
fuged for 20 minutes at 3,000 rpm and 
the concentration of dye in undiluted 
plasma was determined in micro-cells 
at a wave length of 625 millimicrons 
using a Beckman Model DU spectro- 
photometer. Oxygen consumption was 
measured in the subjects studied both 
at rest and exercise. An open circuit 
method was used, the expired air being 
collected in a Douglas bag over a pe- 
riod of 3 minutes. During the 2nd 
minute of collection the resting cardiac 
output was determined. The volume 
was measured in a Tissot spirometer. 
Oxygen concentration was determined 
by means of a Pauling oxygen analyzer. 
Carbon dioxide was not measured. The 
average pengenannty quotient of Dexter 
and associates* was used for converting 
expired volume to inspired volume. 

ixercise was performed in recumbency 
and consisted of pedaling a bicycle 
ergometer at an approximate rate of 
50 rpm. External work was not meas- 
ured; the oxygen consumption served as 
an index of work performed. Simultan- 
eous determinations of cardiac output 
and oxygen consumption were carried 
cut between the tenth and fifteenth 
minutes of steady exercise. 

Results. rest (Table 1). The mean 
value of cardiac index in the 24 sub- 
jects studied at rest was 3.60 + 0.62 
L../min./M?. (Mean+S&.D.). This 


mean agrees very well with means ob- 
tained in normal subjects using a sim- 
ilar method by Chapman and Fraser* 
and by Smith, Wikler and Fox’. Both 
sets of data are also summarized in 
Table 1 

EXERCISE (Table 2). As might be 
expected the exercise resulted in in- 
creased oxygen consumption and car- 
diac output. The oxygen consumption 
during exercise ranged from 1.8 to 4.7 
times control values and averaged 
about threefold. 

The mean increase of blood flow was 
505 cc. per 100 cc. increase in oxygen 
consumption with a standard deviation 
of + 397 cc. One subject, H.I., tripled 
his oxygen consumption during exer- 
cise but. only had a slight increase in 
cardiac output. This man had been a 
long distance runner in college. 

Responses to exercise thus showed 
considerable variation. 

It is noted that blood samples of ade- 
quate size for colorimetric analysis 
were uniformly obtained by the free- 
flow or gravity ‘method, and ‘suction de- 
vices were not employed. 

Discussion. In a recent communica- 
tion’, we analyzed the data of 6 authors 
who reported cardiac output estima- 
tions in normal subjects determined by 
the Fick principle. Mean values of car- 
diac index (as calculated by us) in the 
various samples ranged from 3.27 to 
3.79 L./min./M?., and the standard de- 
viations of the various samples were 
between + 0.54 and + 0.83. The esti- 
mates of cardiac index as reported here 
determined by the dilution-indicator 
method agree well with the above, but 
the means in Table 1 may be slightly 
higher. If so, the difference is not 
great. 

Smith and his co-workers* have sub- 
jected data from studies where simul- 
taneous Fick and dilution methods of 
determining cardiac output were em- 
ployed to statistical analysis to deter- 
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mine if systematic difference exists 
between the two methods. Their analy- 
sis indicated a significant difference be- 
tween the two techniques in the larg- 
est series studied, (68 patients: Werk6 
and associates’); and, a systematic dif- 
ference when the data from all the lab- 


KOWALSKI, 


ET AL.: 


is significant it is a small difference and 
the agreement between the two meth- 
ods in different laboratories is good. 
The response to exercise in the sub- 
jects studied here was variable. This 
was the general experience of Chap- 
man and Fraser* who studied the car- 


TABLE 1. INDEX DETERMINED BY THE DILUTION-INDICATOR 


METHOD IN “NORMAL” SUBJECTS 
Cardiac Index+S.D. 


CARDIAC 


Author Material L./min./M? 
Chapman and Fraser* 23 Normal Men 3.638+0.59 
Age (18-39) 
Smith, Wikler and Fox* 2 Females 3.51+0.34* 
8 Males 
Patients without C.V. 
Disease 
Age (21-55) 
Present Authors 23 Males 3.60+0.62 
1 Female 
Normals and Patients 
without C.V. Disease 
Age (16-41) 
* Computed by us from authors’ data. 
TABLE 2.—CARDIAC OUTPUT DURING EXERCISE IN “NORMAL” SUBJECTS 
Rest Exercise 
Os cons. Oz cons. 
Ce. ee./min. CH. ce./min. 
Subject Aye L/min. L/min./M? L/min. L/min./M? 
m4. 3 5.98 3.17 314 6.30 3.34 950 
A. 27 7.838 3.63 298 10.35 1.79 996 
W. I 28 7.70 3.69 298 10.37 1.96 920 
M. A.* 33 4.92 2.72 223 5.67 3.14 1043 
25 6.538 3.12 280 12.40 5.94 1220 
J. W. 21 6.88 4.19 289 13.18 8.05 582 
S.Z 38 6.48 4.47 293 9.08 6.26 830 
pi 42 4.46 2.75 210 11.30 7.02 700 
B. A. +0) 6.69 3.34 358 8.49 4.29 602 


* Female. All others, 


males. 


oratories were combined. A similar an- 
alysis of the same mz ay performed 
by one of us (HJK), using a technique 
wherein the mean differences of paired 
cbservations were examined to deter- 


diac output of norma] subjects during 
exercise consisting of a 10-minute w ye 
at a speed of 3 miles per hour and ¢ 

a 5% grade, and employed the ae. 
indicator methods. This level of exer- 
mine if they fell at random about zero, cise corresponds to an average oxygen 
justified the same conclusion. Smith and — uptake of 1214 cc./minute, and would 
associates* point out that although the be about a 4 to 5 fold increase over 
difference between the two techniques _ resting values. Cardiac index at exercise 
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under this standard work load was 
6.32 + 1.37(4.03 to 9.91) L./min./M?. 
The response thus was quite variable 
in contrast to their experience at rest. 

Dexter and associatest studied a 
group of healthy untrained individuals 
by means of the Fick method. The ex- 
ercise performed was comparable to 
that done in the present study. The 
mean increment in blood flow per 100 
ce. increase in oxygen consumption was 
537 cc. 356 _ + §.D., values 
computed by us). These senaiie are in 
agreement with our data cited above. 

From the above, it appears that the 
variation noted here is due, in part, 
to differences between individuals since 
the response to exercise of normal sub- 
jects covers a wide range. 

In the studies repor nod here free ar- 
terial flow was employed to secure 
arterial samples, and suction was not 
used. In a large series of estimates of 
cardiac output in subjects with normal 
hematocrit, and those with anemia?? 
difficulties in securing ample specimens 
for colorimetric analy: sis of dye concen- 
tration, were rarely encounte red. How- 
ever, studies of patie nts with polycy- 
themia secondary to pulmonary dis- 

ease have often been unsatisfactory in 
our hands since the increased blood 
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viscosity apparently limited the arter- 
ial outflow during the collection period 
(unpublished observations). In such 
patients a suction method for collect- 
ing larger samples may be necessary. 

‘Summary and Conclusions. The dye- 
injection method of estimating cardiac 
output yields reproducible results in 
subjects ‘without cardiovascular disease 
when studied at rest. Agreement among 
different laboratories is good. 

There is a small but significant dif- 
ference between simultaneous esti- 
mates of cardiac output determined by 
the Fick and by the dye-injection meth- 
od in normal subjects at rest. Use of 
the latter technique gives _ slightly 
higher values but the difference is not 
great. 

The dye-injection method may be 
used utilizing free arterial outflow dur- 
ing exercise perfor med in recumbency. 
Such results show some variation due 
in part to the wide spectrum of hemo- 
dynamic responses displayed by normal 
subjects in exercise. Similar variation is 
noted with the Fick method. 

It is concluded that the injection 
method of estimating cardiac output 
can be used at exercise as well as dur- 
ing rest. 


We are grateful for the technical assistance of Miss Vilma Grube. 
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LONG-TERM INTRAVENOUS USE OF ARFONAD IN THE TREATMENT 
OF PULMONARY EDEMA 


By Lamont E. Danzic, Capt., 


MC* 


AND 


ALPHONSE C. GoMEz, Ist Ltr., MC 


(From the Surgical Research Unit and Medical Service, 


Brooke Army Medical Center, 


Fort Sam Houston, Texas ) 


THE ganglionic blocking action of a 
thiophanium compound, commercially 
known as Arfonad (RO 2-2222)+, was 
first described by Randall, Peterson, 
and Lehmann*. A physiologic similarity 
was noted in anesthetized animals be- 
tween this compound and tetraethy lam- 
monium chloride. However, Arfonad ef- 
fectively reduced blood pressure at 
much lower dosage levels than 
tetraethylammonium chloride. This 
more efficient reduction in blood pres- 
sure by Arfonad may depend, in part, 
upon direct peripher ral vasodilation'. 

In a study on the neurohemody- 
namics of pulmonary edema, Sarnoff 
induced increased pulmonary venous 
pressure in animals and noted that 
Arfonad decreased the pressure; con- 
comitantly, the mean systemic arterial 
pressure was decreased only slightly’. 
He also demonstrated that 1) the rate 
and degree of sympathetic blockade 
could be controlled with minimal side 
effects, and 2) that cessation of the 
intravenous drip containing this drug 
was followed by a prompt return of 
arterial pressure to control levels’. 

Sarnoff used Arfonad by continuous 
intravenous drip in several patients 
who had pulmonary edema associated 
with severe arterial hypertension and 
noted striking improvement in some 


*Present address: 


603 East 59th Street, Savannah, 


cases®. The studies were carried out 
only for a few hours, but the absence 
of untoward reactions suggested the 
possible usefulness of this drug in the 
control of hypertension for longer 
periods of time?. However, the effec- 
tiveness and toxicity of, and tolerance 
to Arfonad following prolonged ther- 
apy have not been evaluated. 

Recently a patient, who had chronic 
¢lomerulonephritis complicated by hy- 
pertension and __ severe pulmonary 
edema, was treated with Arfonad given 
intravenously for a total of 11 days. 
The blood pressure was lowered and 
the pulmonary edema cleared. Toler- 
ance to the drug did not vary, and very 
few side effects were note d. This case 
is reported, since it represents the first 
extended trial of the continuous intra- 
venous infusion of Arfonad. 


Case Report. A 19-year-old white man 
was transferred from another military instal- 
lation with a diagnosis of chronic glomerulo- 
nephritis. Three months prior to admission 
to Brooke Army Hospital, the patient began 
to have nausea, vomiting, and exertional 
dyspnea. He was admitted to a base hos- 
pital, and hypertension, uremia, and mod- 
erate anemia were noted. Treatment con- 
sisted of blood transfusions, intravenous fluids, 
sodium restriction, antibiotics, and bed rest. 
Rapid clinical deterioration prompted trans- 
fer to Brooke Army Hospital where more 
elaborate facilities are available. 


Georgia. 


+The authors wish to express their thanks to Dr. Thomas C. Fleming of Hoffmann-La Roche, 


Inc., Nutley, New Jersey, 
( 626 ) 


for generous supplies of the compound used in this study. 


| 
| 


LONG-TERM INTRAVENOUS USE OF ARFONAD IN PULMONARY EDEMA 627 


The past medical history revealed that 
albuminuria had been discovered 2 years be- 
fore, and following a_ brief hospitalization, 
moderate restriction of physical activity was 
advised. 

On admission to Brooke Army Hospital, 
the patient appeared moribund, though his 
sensorium was clear. The blood pressure was 
170/100, the pulse rate 86, the respiratory 
rate 36, and the temperature 98.6° F. The 
patient was cyanotic and tremulous. Respir- 
atory movements were entirely diaphragmatic, 
and there was a complete flaccid paralysis of 
all the extremities. Moderate eel wal ankle 
edema was present, and the neck veins were 
slightly distended. The fundi were normal 
except for minimal arteriolar spasm and 
arteriovenous nicking. Auscultation of the 
lungs revealed numerous rhonchi. There was 
left cardiac enlargement and a gallop rhythm. 
The liver was tender and enlarged to three 
finger-breadths below the right costal margin. 
The prostate was not enlarged. 

Laboratory tests revealed a hemoglobin of 
5 gm. per 100 cc., serum potassium of 8.7 
mEq. per liter, serum sodium of 133 mEq. 
per liter, total serum carbon dioxide content 
of 9 mEq. per liter, blood urea nitrogen of 
270 mg. per 100 cc. and serum creatinine 
of 20 mg. per 100 ce. A_ urinalysis 
showed a specific gravity of 1.011, a 3-plus 
reaction for albumin, 15 to 20 red blood 
cells, 10 to 15 white blood cells per high 
power field, and occasional granular and 
hyaline casts. The venous pressure (right 
arm) was 165 mm. of water. A roentgeno- 
gram of the chest revealed moderate cardiac 
enlargement to the left, pulmonary vascular 
congestion, and diffuse bilateral infiltration 
distributed in a “butterfly” configuration con- 
sistent with uremia and pulmonary edema. 
The electrocardiographic findings were com- 
patible with severe hyperkalemia. 

The immediate therapy consisted of an 
infusion of glucose, insulin, and sodium bi- 
carbonate; digitalization; and oxygen by mask. 
Within one hour the serum potassium was 
lowered to 7.3 mEq. per liter. The patient 
regained partial motor function in his ex- 
tremities and intercostal muscles. Shortly 
thereafter he was dialyzed on the artificial 
kidney for 5% hours. The postdialysis chemis- 
tries revealed a serum sodium concentration 
of 126 mEq. per liter, serum potassium of 
3.3 mEq. per liter, and a total serum carbon 
dioxide content of 21 mEq. per liter. Blood 
urea nitrogen was 115 mg. per 100 cc., and 
the serum creatinine was 11.8 mg. per 100 cc. 
There was marked clinical and symptomatic 
improvement. Breathing was easier, and vol- 


untary movement in the extremities strik- 
ingly improved. The lungs were clear, and 
a roentgenogram of the chest revealed marked 
reduction of hilar infiltration as -well as nar- 
rowing of the cardiac shadow. 

During the next 12 days the average daily 
urine output was 900 cc., ang the average 
blood pressure was 200/100. Another dialysis 
was performed on the artificial kidney 13 
days after admission because of laboratory 
and electrocardiographic evidence of hyper- 
kalemia, and again a dramatic improvement 
was noted. However, 36 hours later, acute 
pulmonary edema developed secondary to 
acute cardiac failure that was refractory to 
the usual regimen of treatment (See Fig. 1, 
Part A). 

An attempt was made to control the marked 
elevation in blood pressure. A continuous in- 
travenous drip of 250 mg. of Arfonad in 
300 cc. of 5% glucose in water was started 
at a rate of 1 mg. per minute. Within 30 
minutes the blood pressure was lowered from 
192/100 to 140/80 (Fig. 1, Part B). The 
patient commented that he could breathe 
much more easily. The cyanosis diminished, 
the respiratory rate slowed, the neck veins 
were less distended, and the pulse rate de- 
creased from 130 to 100 per minute. Only a 
few scattered rales were audible. The infu- 
sion was discontinued after 21 hours. Within 
30 minutes the patient’s blood pressure was 
elevated to 165/87 and within one hour 
it reached pretreatment levels. All the objec- 
tive and subjective signs of pulmonary edema 
returned. This was promptly relieved on 
readministration of the drug, which lowered 
the blood pressure to 130/70 (Fig. 2). 

During the last 15 days of the patient’s 
life, Arfonad was given intermittently for a 
total of 11 days with excellent control of the 
blood pressure (120 to 140/80 to 95) and 
almost complete relief of the pulmonary 
edema. The 11 days’ treatment with Arfonad 
included 7 consecutive days of continuous 
administration of the drug. The rate of flow 
was very nearly constant during the period 
of therapy, and at no time was there any 
evidence of accumulated tolerance to the 
drug. The only untoward effects were photo- 
phobia due to fixed pupillary dilation and 
depression of the basal body temperature, 
which was promptly corrected by the appli- 
cation of external heat. 

The urine output during the last 15 days 
of life averaged 200 cc. per day, and the 
patient became progressively more uremic and 
acidotic. (Arfonad did not affect a change 
in urinary volume.) Approximately 24 hours 
before death, the serum potassium was 7 
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Blood pressure elevation and return of symptoms on discontinuing Arfonad. 
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mEq. per liter, the total carbon dioxide con- 
tent 24 mEq. per liter, and the serum 
creatinine 24 mg. per 100 cc. Further dialysis 
was not feasible, and the patient expired 
30 days after admission following cardiac 
arrest, which was probably due to hyper- 
kalemia. Arfonad was discontinued 10 hours 
before death. 

NECROPSY FINDINGS. The kidneys weighed 
225 and 220 gm. respectively and had a dif- 
fusely granular surface. They appeared edema- 
tous, and there was some narrowing of the 
cortex. On histologic examination, the typical 
changes of chronic glomerulonephritis were 


observed. The lungs were edematous and 
congested; they weighed 1700 to 1750 gm. 
respectively. There were 400 cc. of straw- 


colored pleural effusion in the right thoracic 
cage. The liver and spleen were enlarged 
secondary to congestion, but the heart was 
only slightly enlarged. Other significant 
changes were not noted. 


Discussion. The relationship between 
peripheral vascular tone and acute pul- 
monary edema in hypertension has 
been demonstrated by Sarnoff et al.?-+7. 
They found that peripher ral cneniiie- 
tion induced by spinal anesthesia in 
patients with acute pulmonary edema 
was followed by prompt improvement’. 
Presumably this was brought about by 
1) the diminution in peripheral resis- 
tance against which the failing ven- 
tricle was working, and 2) a shift of 
blood from the pulmonary parenchyma 
to the peripheral vascular bed as a 
result of peripheral vasodilation. How- 
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cver, the occasional and unpredictable 
precipitous hypotension induced by 
spinal anesthesia indicated the weed for 
a more easily controlled method of in- 
ducing peripheral vasodilation. 

The continuous, graded administra- 
tion of the ganglionic blocking agent. 
Artonad, provided such a method in 
this case. The preparation was admin- 
istered by intravenous drip for 7 con- 
secutive days; altogether, the drug was 
given for 11 days. There was immediate 
objec ctive and ‘subjective improvement 
concomitant with a lowering in blood, 
pressure, and this was maintained 
long as the medication was given. 
Blood pressure levels were easily con- 
trolled by regulating the rate ‘of in- 
fusion, and tolerance to the drug did 
not develop. The side effects were 
minimal and easily corrected. 

Summary. Arfonad, a new ganglionic 
blocking agent, was used for 11 days 
in a patient who had chronic glomeru- 
lonephritis with uremia, hypertension, 
and pulmonary edema. The drug eftec- 
tively decreased the blood pressure, 
and improved the signs and symptoms 
of severe pulmonary edema. 

The hypotensive effects were readily 
controlled by regulating the rate of 
administration. Untoward _ reactions 
were minimal, and tolerance to the 
drug did not develop. 
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THE importance of stress in initiating 
peptic ulcer and in precipitating re- 
currences is now generally accepted. 
What the clinician can do to counter- 
act the damaging effects of stress is 
quite another ‘problem. Unfortunately, 
unlike the results possible in the pa- 
tient with ulcerative colitis, psycho- 
therapy in the management of the pa- 
tient with peptic uloer has not proved 
too effective. It is hoped, therefore, 
that if the physiological pathways 
through which stress deleteriously af- 
fects ‘the ulcer patient could be de- 
termined then, perhaps, a more effec- 
tive pharmacologic attack on the prob- 
lem might be made. 

The stellar roles that gastric “age 
chloric acid and pepsin play both i 
initiating the original ulcer and in ie 
recurrence is ge nerally conceded. The 
excellent studies of Gray and his as- 
sociates® in man have supplied convinc- 
ing evidence for the stimulatory effect 
of stress, adrenocorticotrophic hormone 
(ACTH) and adrenal corticoids on gas- 
tric acid and pepsin secretion. These 
investigators have demonstrated that 
uropepsin output in the urine, as well 
as pepsin and hydrochloric acid output 
in the stomach will be increased by any 
one of these agents. Furthermore, they 
have shown that neither intact vagi 
nor the gastrin mechanism is necessary 
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for this stimulation to take place, for 
stress or ACTH effectively increases 
acid and pepsin secretion even after 
bilateral vagotomy and subtotal gastric 
resection. It appears reasonable to as- 
sume that whatever the mechanism 
through which hydrochloric acid and 
pepsin are stimulated by these agents, 
it represents, in part at least, a direst 
action on the gastric secretory cells. 

Very important among the recent 
contributions to our understanding of 
the fundamental mechanism concerned 
in gastric secretion are the studies of 
Porter, Movius and French" and of 
French, Longmire, Porter and Movius"*. 
These investigators using monkeys, 
measured changes in » the pH of gastric 
secretion after of 
the nuclei of the anterior hypothalamus 
at the level of the optic chiasma and of 
the posterior hypothalamus at the 
mammillary bodies or tuber cinereum. 
When they stimulated the former, the 
fall in pH of gastric secretion reached 
its maximum % to 1 hour after stimula- 
tion and returned to _prestimulation 
levels (pH 4 to 6) within 3 hours. This 
response failed to appear in an animal 
with bilateral vagotomy. Stimulation of 
the posterior hy pothal: umic nuclei pro- 
duced a decrease in pH of gastric se- 
cretion which, however, did not begin 
until 2 to 2% hours after stimulation, 
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reached the lowest pH levels in 3 hours 
and took 5 hours to return to prestim- 
ulation values. This response failed to 
appear in animals previously adrenalec- 
tomized. Bilateral vagotomy and adren- 
alectomy followed by stimulation of 
either or both areas resulted in pH 
values of gastric secretion that remain- 
ed at basal values throughout the ex- 
periment. 

French and his associates* have re- 
produced in the monkey the increase in 
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hormone, Hume believes, acts on the 
anterior hypophysis with the liberation 
of ACTH. Based on Hume's hypothesis, 
Gray has offered a schema to show how 
stress increases acid and pepsin secre- 
tion in the stomach. This schema pro- 
poses that the anterior hypothalamic 
hormone of Hume, liberated by the 
effect of stress on the hypothalamus, 
stimulates the anterior pituitary to pro- 
duce ACTH which, in turn, stimulates 
the adrenal cortex to produce adrenal 


GASTRIC HCL SECRETION INDUCED 
BY INSULIN 
7 
oo insulin after Adrenalectomy 
pH 
5 


Fig. 1. 


Gastric acid secretory response in monkey to insulin hypoglycemia in intact animal 
ind after bilateral vagotomy and adrenalectomy respectively. 


(Porter, Movius and French, 


courtesy of Surgery. ) 


gastric acid secretion following the ad- 
ministration of ACTH and cortisone, 
shown to occur in man in the experi- 
ments of Gray et al. They further con- 
firmed that intact vagi are unnecessary 
for this action to take place but that 
the adrenals are essential for ACTH 
to produce its effect. 

Gray et al.® and Porter™ and _ his 
associates have evolved hypotheses for 
the action of stress in causing an in- 
crease in gastric secretion. Hume*® 
postulate od the liberation of an anter- 
ior hypothalamic hormone following 
stimulation of the hypothalamus. This 


corticoids and these act on the gastric 
mucosa to stimulate secretion of acid 
and pepsin. It is, however, impossible 
to reconcile the liberation of an anter- 
ior hypothalamic hormone, suggested by 
Hume to act in the manner pictured by 
Gray, with the results of Porter and 
his associates. If the Hume hypothesis 
applies to the monkey, then Porter, 
French et al. should have produced a 
double or a composite type of gastric 
secretory curve by stimulation of the 
anterior hypothalamus. These investi- 
gators actually did produce a composite 
type of gastric acid curve, but through 
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the action of insulin hypoglycemia. 
They were further able to resolve this 
composite curve into an early and a late 
component deriving, respectively, from 
stimulation of the anterior and posterior 
hypothalamus (Fig. 1). 

From their studies Porter, French 
et al. have pictured stimulation of the 
posterior hypothalamus to increase gas- 
tric secretion by stimulation of the an- 
terior pituitary directly with the re- 
lease of ACTH. This explanation is 
open to question since the evidence 
currently available indicates that path- 
ways to ‘the pituite iry from the posterior 
hypoth: alamus lead only to the posterior 
pituitary 

In 1930, Beattie, Brow and Long? 
showed that stimulation of the posterior 
hypothalamus gave rise to epinephrine 
secretion. More recently, Vogt", by 
direct measurement of the output of 
adrenal cortical hormone after the in- 
travenous injection of epinephrine in 
dogs, showed that the rate of secretion 
rose rapidly and continued for some 
time after quantities of epinephrine 
that may be regarded as within the 
physiological rate of secretion of the 


adrenal medulla. Long and Fry’ and 
later Gershberg, Fry, Brobeck and 
l.ong' observed, in normal rats, that 


the subcutaneous, intravenous or in- 
tramuscular injection of epinephrine in 
quantities of the order of a few micro- 
grams was followed within an hour by a 
well marked fall in both the cholesterol 
and ascorbic acid content of the adren- 
al gland. Recently, Long? has demon- 
strated that the direct ‘application of 
epinephrine to anterior pituitary lobe 
tissue is followed by ACTH release. 
Long hypophyse ctomized rats and then 
impli inted into the anterior chamber 
of one eye of these animals a piece of 
anterior pituitary lobe from a donor 
animal. After a sufficient period had 
been allowed for the growth of the 
transplant, the response of this tissue 
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to the subcutaneous injection (20 
micrograms) of epinephrine was de- 
termined. In those animals in which 
an eosinopenia occurred, indicating a 
viable transplant, a very small quan- 
tity of epinephrine (0.2 microgram ) 
was later injected into the anterior 
chamber of the eye bearing the pitui- 
tary transplant. In all 7 an eosinopenia 
of ‘equal magnitude to that produced 
by subcutaneous epinephrine (20 
micrograms ) was observed. Similar in- 
jections of 0.2 microgram of epineph- 
rine into the normal eye failed to pro- 
duce any fall in eosinophils. Finally, 
the eve be -aring the transplant was re- 
moved, after which no eosinophil re- 
sponse to subcutaneously injected. epi- 
nephrine (20 micrograms) was ob- 
tained. 

The results from Long's laboratory, 
coupled with those of Porter, French 
and their associates with insulin hypo- 
glycemia prompted us to study the pro- 
longe gastric secretory effect (6 
hours ) of insulin hypoglycemia in man, 
in order to determine whether man 
too would show a double response 
curve to insulin hypoglycemia and _ if 
so, could we resolve the response into 
its respective components, especially 
since Porter, French and their associa- 
tes obtained a gastric pH curve in 
monkeys following epinephrine injec- 
tion that was ve ry ‘simile ir to that which 
followed posterior hypothalamic stim- 
ulation alone. 


Experimental Method. We employed the 
method which we used in a_ study 
of parasympathetic blocking agents on gastric 
secretion!4, The patient fasts for 12 to 14 


same 


hours and receives no medication the day 
before the test. A Rehfuss tube is intro- 
duced into the stomach and, under fluor- 


oscopic control, the tip of the tube is placed 
in the antrum. The tube, after slack is 
withdrawn, is fixed at lip level with adhesive 
to the chin. The patient remains in the supine 
position throughout the test and is instructed 
to expectorate all saliva. The stomach is emp- 
tied completely and aspiration of the gastric 
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contents at a negative pressure of 30 inches 
of water is continued throughout the test 
period. Fifteen-minute fractions are collected 
for one hour before and for 5 hours after 
the administration of the test substances. 
These are physiological saline for the con- 
trol test, insulin alone, Regitine alone 
and insulin with Regitine. Mucus or bile, 
or both, in the gastric contents are noted. 
Before the end of each 15-minute collection 
period, complete gastric emptying is assured 
by placing patient on back and each side 
for one minute. 

The volume of each 15-minute sample is 
measured and free and total acidity are de- 
termined by titration with ‘N/50 sodium hy- 
droxide, using Tépfer’s reagent and phenolph- 
thalein as indicators. The pH of the gastric 
contents is determined using a Beckman pH 
meter and glass electrode. 

Blood sugar determinations are made on 
fasting, 10, 20, 30, 60, 90 and 120-minute 
specimens and then at hourly intervals after 
the administration of the test substances. 
Eosinophil counts are done before and at 
4 or 5 hours, or both, after the administration 
of the test substance. 

Five patients with chronic duodenal ulcer 
were used in this study. Each patient served 
as his own control. The following studies were 
done on different days in the same patient: 

1. Basal secretion: Five-hour basal secre- 
tion was studied on four different days in 3 of 
5 patients. 

2. Insulin hypoglycemia: The effect of in- 
sulin hypoglycemia upon gastric acid output 
was investigated in all. Regular insulin, in a 
dose of 15 to 25 units, was given intraven- 
ously. 

The effect of insulin hypoglycemia and 
Regitine, an adrenolytic and sympatholytic 
drug, upon gastric acid output was studied in 
all. Regitine, in a dose of 10 mg. dissolved 
in 100 ce. of sterile physiological saline, was 
given intravenously at a rate of 15 drops per 
minute. Five minutes after starting the Regi- 
tine infusion, regular insulin was administered 
intravenously. The same dose of insulin was 
used throughout the tests on any one patient. 

4, Effect of Regitine on basal secretion: the 
effect of Regitine alone on basal secretion was 
studied in 3 patients. 

The effect of insulin hypoglycemia alone 
and with Regitine before and 15 days after 
bilateral vagotomy and subtotal gastrectomy 
was studied in one patient. 


Results and Discussion. Figure 2 
shows the results in a patient, L. O., 
with duodenal ulcer. The dotted line 
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(open triangles) represents the aver- 
age of 4 studies of basal secretion of 
total acid output in this individual over 
5-hour periods on different days; the 
solid line, the response after insulin (1), 
the curve of acid output showing that 
secretion had gotten well under way 
after the first hour, reached a peak be- 
tween 1% and 2 hours, a second peak 
between 3 and 3% hours and perhaps 
a third peak between 4 and 5 hours 
after the insulin administration. The 
broken line (open circles) represents 
the result after insulin plus Regitine 
(I&R). The early rise in secretion 
with its peak at 1% to 2 hours remains, 
while the late secretion is now pre- 
vented by the Regitine. Blood sugar and 
eosinophil response are noted at the 
bottom of the chart. A similar curve 
showing early and late peaks of acid 
secretion was obtained in all of these 
5 patients after insulin hypoglycemia. 
One of the 5 patients failed to show 
inhibition of the late secretory response 
when insulin and Regitine were admin- 
istered simultaneously. Regitine alone 
had no significant effect on the basal 
gastric secretion in all 3 patients 
studied. 

The pH values as indicated under 
experimental method were recorded 
for each 15-minute specimen. When 
these values were plotted the increase 
in gastric acid secretion produced by 
the insulin hypoglycemia is evidenced 
by the drop in pH and this drop is sus- 
tained throughout, approximately a 4- 
hour period alter insulin hypoglycemia 
is produced. Plotting the pH values 
alone, however, does not disclose the 
different periods of increased acid se- 
cretion and masks the peaks of acid 
output which are uncovered when the 
total acid output is plotted (Figs. 2 
and 3). This did not obtain to the same 
degree in the results in monkeys ob- 
tained by Porter, French and their as- 
sociates and rightly so because the col- 
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GASTRIC HYDROCHLORIC ACID RESPONSE 
TO INSULIN, AND INSULIN WITH REGITINE® 


(CASE L.O.) BASAL SECRETION 
. ( AV.of 4 STUDIES) 
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fig. 2.—Curves of total acid output. Basal secretion, after intravenous insulin and after insulin 
and Regitine. Blood sugar curves during each study with insulin and the eosinophil response 
after insulin and Regitine. 
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Fig. 3.—pH values during periods of tests illustrated in Fig. 2. 
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lection of gastric specimens in the mon- 
key and in our human experiments 
was different. In the experiments in 
monkeys pH determinations were 
made on aspirated samples obtained 
through a Levin tube, before and every 
half-hour after administration of the 
test substance, for 5 to 7 hours. Such a 
procedure sets up physicochemical con- 
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it is very marked. This may also be 
the explanation for the composite type 
curve obtained by Porter, French et 
al. after insulin hypoglycemia in mon- 
keys as seen in their illustration repro- 
duced in Fig. 1. It is possible that total 
acid output if measured after insulin 
in monkeys would, too, show the early 
and late curves of secretion as we have 


COMPARISON OF THE TREND 


OF GASTRIC ACID RESPONSE TO INSULIN 


STIMULATION IN MAN AND TO ANTERIOR AND 


POSTERIOR HYPOTHALAMUS STIMULATION IN MONKEY 
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Fig. 4.—Shows the close parallelism in the early and late gastric secretory response to insulin 
hypoglycemia in man to pH curves in monkeys resulting from stimulation of the anterior and 
posterior hypothalamic nuclei respectively. 


ditions where buffering mechanisms 
and gastric emptying will influence 
changes in pH of the gastric contents 
somewhat differently from one in which 
all of gastric secretion is aspirated con- 
tinuously. With the latter method, al- 
though the rate of secretion may change 
considerably, the pH may not be al- 
tered too greatly by this change unless 


found in man, into which Porter et al. 
could resolve the gastric secretory re- 
sponse to hypoglycemia after insulin 
in the monkey. Furthermore, Regitine 
is seen in Fig. 3 to block the late por- 
tion of the acid secretory response as 
indicated by the pH curve. However, 
if the change in the pH curve is com- 
pared with the change registered in 
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total acid output (Fig. 2) the effec- 
tiveness of Regitine in blocking the 
adrenal phase of gastric secretion be- 
comes more apparent from the latter. 

In Fig. 4 we have combined the 
curve of total acid output after insulin 
in patient L. O. with the pH curves 
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Attempts to inhibit the early curve of 
gastric secretion after insulin in man 
with parasympathetic blocking agents 
did not prove satisfactory. In order to 
relate this curve in man to stimulation 
of the vagal nuclei, the mechanism 
heretofore accepted as the total mech- 


GASTRIC HYDROCHLORIC ACID RESPONSE 


TO INSULIN, AND INSULIN WITH REGITINE® 
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Fig, 


g. 5.—Acid secretory response, blood sugar curves and peripheral eosinophil counts in a 


patient with a duodenal ulcer after insulin and insulin plus Regitine, before operation. 


of acid secretion in the monkey ob- 
tained by Porter, French and_ their 
associates, after stimulation of the an- 
terior hypothalamus (early curve) and 
after stimulation of the posterior hypo- 
thalamus (late curve). The correspon- 
dence of these curves with the peaks 
in the curves of total acid output in 
patient L. O. is very striking. 


anism through which insulin hypogly- 
cemia stimulates gastric secretion, we 
studied the response under our experi- 
mental conditions, in a patient with 
duodenal ulcer before operation and 
again after subtotal gastrectomy and 
bilateral vagotomy. These results are 
illustrated in Figs. 5 and 6. In Fig. 5 
(Patient W. R.) the solid line, the 
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acid output response after insulin 
alone, again revealed a response simi- 
lar to that of patient L. O., except 
that the second of the late curves is the 
most prominent of the two. Regitine 
(broken line) again blocks both late 
curves leaving the early one essen- 


show that the solid line (Fig. 6) repre- 
senting total acid output fails to con- 
tain the early curve of secretion with 
its peak at 1% hours after insulin seen 
in Fig. 5 obtained before operation 
and now shows only late peaks which 
are again eliminated by the administra- 


GASTRIC HYDROCHLORIC ACID RESPONSE 
TO INSULIN, AND INSULIN WITH REGITINE® 
AFTER VAGOTOMY AND SUBTOTAL GASTRECTOMY. 
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Fig. 6.—Response in same patient after subtotal gastrectomy and bilateral vagotomy. Note 
absence of early peak of secretion after insulin present in Fig. 5. 


tially unaffected. In Fig. 6 is the re- 
sponse in this patient after operation. 
Since subtotal gastrectomy and vagot- 
omy would be followed by a marked 
decrease in the rate of gastric secre- 
tion, the curves in Fig. 6 were made 
evident by altering the scale used in 
the preceding Figures 2 to 5 for illus- 
tration. In this way we are able to 


tion of Regitine with the insulin (brok- 
en line). 

Our results in this patient indicate 
that for the action of insulin hypogly- 
cemia to produce the late curve or 
curves of gastric secretion, neither in- 
tact vagi nor the gastrin mechanism 
are necessary, findings that parallel 
those obtained by Gray et al. with re- 
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spect to these mechanisms in the ac- 
tion of ACTH to stimulate secretion by 
the stomach. By inference from the 
studies of Porter, French et al. in the 
monkey this late secretion in man, too, 
represents an adrenal phase of gastric 
secretion. 

The action of Regitine in blocking 
the late secretion of insulin hypogly- 
cemia administered as it was in the 
dosage and at a rate at which its action 
should have been almost entirely if 
not entirely adrenergic blocking alone, 
suggests that adrenalin liberation was 
involved in the hypoglycemic action 
produced by the insulin and that the 
liberated adrenalin was intimately con- 
cerned in some way in the resultant 
stimulation of gastric secretion. In view 
of the results of Long’ and the part 
that adrenalin can play in stimulation 
of the anterior pituitary, we would 
suggest the schema represented in Fig. 
7. One of us'® (H.S.) has recently 
indicated that because neural path- 
ways from the posterior hypothalamus 
to the pituitary go only to the posterior 
pituitary and not to the anterior, that 
the posterior pituitary in response. to 
the stress effect of insulin hypoglycemia 
may be involved in the pathways 
through which adrenalin is subsequent- 
ly liber rated by the adrenal medulla. 
Further study of available neurophys- 
iological ev idence!, however, makes us 
feel that the pathway by way of the 
sympathetic is more likely. A prob- 
lem arises even here since French, 
et al. found, in the monkey, that while 
an adrenergic blocking agent SKF 501 
will block the late gastric secretory 
response to insulin, blockade of ceph- 
alic sympathetic outflow by cervical 
spinal cord section does not affect the 
late secretory response. Furthermore, 
Vogt'é found in rats that pituitary- 
pee il discharges can be evoked by 
insulin in animals. 
French et al., convinced that epineph- 
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rine also plays an important role in 
the production of the late gastric secre- 
tory response to insulin hy poglycemia 
in monkeys, have pictured this to come 
about by insulin hypoglycemia stimu- 
lating the adrenal medulla and the 
epinephrine so produced to stimulate 
the posterior hypothalamus. For this 
purpose, too, the evidence is not clear, 
for it is not at all certain that epineph- 
rine will act as a stimulus to the hypo- 
thalamic centers. In fact there is some 
evidence®!° that it actually may de- 
crease the response of these centers. 
Were it not for the fact that both in 
the monkey and in man the late gastric 
secretory response to insulin hypogly- 
cemia is blocked by an adrenergic 
blocking agent one might seek an ex- 
planation for a possible pathway in the 
anterior pituitary stimulation by a pos- 
terior hypothalamic hormone reaching 
it through a portal circulation sug- 
gested by Scharrer'*. This mechan- 
ism, however, still lacks confirmation 
and it would also not explain the 
epinephrine part of the cycle which 
now appears to have been demon- 
strated in both monkey and man for 
the late phase of gastric secretion pro- 
duced by insulin hypoglycemia. 

Another of our results of interest is 
the ability of Regitine to block the gas- 
tric secretory response, in which epi- 
nephrine release appears to be involved 
yet is unable to alter the eosinophil 
response. 

Our experiments, thus far, we be- 
lieve, warrant the conclusion that the 
stress stimulus supplied by insulin hy- 
poglycemia in its effect on late curves 

of gastric secretion can be blocked in 
man as in the monkey by adrenergic 
blocking agents. It is reasonable to 
suggest then that epinephrine is lib- 
crated somewhere in the response to 
hypoglycemia and that the epinephrine 
is important in the release of ACTH 
to stimulate ACH production and 
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effect in turn on gastric secretion. Al- 
though the exact pathways for man or 
monkey through which adrenalin re- 
lease after hypothalamic stimulation 
occurs have not been completely de- 


phenomena in general or if even rep- 
resentative of only one form of the 
stress mechanism, then our results 
would indicate that in this form, at 
least, epinephrine is released and so 
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Fig. 7.—Schematic representation for a working hypothesis of the sequence of events respon- 
sible for the early and late curves of gastric secretion stimulated by insulin hypoglycemia. 


fined and any pathways at present 
suggested will need to be modified by 
new evidence, the important fact, how- 
ever, remains that if the stress effect 
produced by insulin hypoglycemia is 
representative of the action of stress 


perhaps suggest a beginning for a phar- 
macodynamic approach to the problem 
of stress in peptic ulcer. 

Summary. Evidence that stress, 
ACTH, and cortisone stimulated gastric 
secretion in man was presented by Gray 
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and his coworkers. More recently Por- the probability that adrenalin is liber- 
ter, French and their associates have ated in the stress effect of insulin hypo- 
demonstrated in monkeys that the glycemia and plays an important part 
stress effect of insulin hypoglycemia in the cycle that results in the stimula- 
acting on the posterior hypothalamus tion of gastric secretion. We believe 
initiated reactions that resulted in in- that it will be necessary to consider an 
creased gastric acid secretion and that adrenal phase of gastric secretion in the 
intact adrenals were necessary for this peptic ulcer problem and that this phase 
response to occur. Our experimentsoffer is a significant part of the harmful so- 
support for a similar mechanism inman. matic mechanisms activated by stress 
Furthermore, our evidence points to reactions. 


ADDENDUM. Since this paper was submitted for publication an opportunity arose to investi- 
gate an important segment of this problem. We were able to study the gastric acid secretory 
response to insulin hypoglycemia in a patient (H.S.) before and after bilateral total adrenalec- 
tomy for recurrent and metastatic carcinoma of the breast.* The results are shown in Figure 
8. The right adrenal had been removed shortly before she became available for the gastric 
secretory studies, so that our initial study represented by the solid line represents the response 
of this patient with one intact adrenal gland. This line represents the total acid output to 
insulin hypoglycemia and shows an early peak in acid secretion between 1 and 1% hours after 
insulin corresponding to the peak that we have demonstrated above to be dependent upon 
intact vagus nerves. The second peak between 1% and 2 hours and the third peak between 
2 and 2% hours probably both belong, as we shall see subsequently, to the late phase of gastric 
secretion stimulated by the hypoglycemia which, if the mechanisms concerned for their produc- 
tion in man, is the same as that demoustrated by Porter, French et al. for monkeys, should 
be dependent on intact adrenals. Our studies after the second adrenal was removed in this 
patient show that this similarity of mechanisms in man and monkey exists. Because of the 
greatly increased insulin sensitivity to be expected in the adrenalectomized patient, the insulin 
test was performed with great caution 5 weeks after complete bilateral adrenalectomy. The 
patient weighed 50 kg. before and after the removal of the second adrenal. The use of 15 
units of insulin intravenously before operation then involved a dose of 0.3 u/kg. (blood sugar 
values A). The dose of insulin first tested after the bilateral adrenalectomy was 1/40 u/kg. 
The gastric acid secretory response to this total dose (1.25 units) of insulin is shown by the 
dotted line and triangles. This dose of insulin failed to stimulate acid secretion over a 3-hour 
period of the test and also failed to produce a pronounced hypoglycemia (Blood sugar values 
B) for as long as or at any time as marked as that produced by the 15 units of insulin before 
adrenalectomy. In an effort to produce a hypoglycemic curve nearly comparable to that pro- 
duced by the 15 units of insulin before the operation, the study was repeated using 1/30 u/kg. 
(total dose of 1.67 u) which produced the acid secretory curve illustrated by the dash and 
dot line (Blood sugar values C) and again using 1/20 u/kg. (total dose 2.5 u) illustrated by - 
the broken line and open circles (Blood sugar values D). Each of these doses of insulin 
produced a gastric acid secretory response that was very pertinent to our problem, for each 
produced an early peak of gastric secretion between 1 and 1% hours after the insulin, corres- 
ponding to the early (vagal) curve seen before the second adrenal was removed and thereafter 
produced no additional peaks of acid secretion for the balance of the 6-hour test period. In 
this patient we have demonstrated that at least one intact adrenal gland is necessary for the 
late phase of gastric secretion to appear after insulin hypoglycemia. 

These results, we believe, lend credence to our discussion regarding the significance of the 
Regitine action described above,and the probable role played by the release of adrenalin by 
insulin hypoglycemia, to in turn set in motion the series of events that result in the stimulation 
of gastric secretion by ACH. 

The response of circulating eosinophils to insulin hypoglycemia before and after bilateral 
total adrenalectomy are shown at the bottom of the chart. Before the operation there was a 
significant fall of 80% in circulating eosinophils after an adequate hypoglycemia stimulus, 
while after the second adrenal was removed a similar adequate hypoglycemic response failed 
to produce eosinopenia. 


*We are indebted to Dr. Karl C. Jonas for permitting us to study his patient (H.S.) before 
and after he removed the second adrenal gland. 
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GASTRIC HYDROCHLORIC ACID RESPONSE 
TO INSULIN HYPOGLYCEMIA 
BEFORE AND AFTER ADRENALECTOMY 

(CASE ---H.S) 
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Fig. 8.—Total gastric acid response, blood sugar curves and eosinophil counts after insulin 
hypoglycemia in a patient with metastatic carcinoma of the breast after the removal of one 


adrenal and after total adrenalectomy. 
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PorraL hypertension has always 
posed a problem in diagnosis and cor- 
rection. Assessment of portal pressure 
by occlusive hepatic venular catheter- 
ization has been proposed by Meyers 
and Taylor' and more recently by 
Paton, et al.*. The present studies were 
undertaken to compare pressures gb- 
tained simultaneously in the hepatic 
venule and the portal system in order 
to substantiate the validity of the meth- 
od in measuring portal pressure, 
Methods. Simultaneous pressure determin- 
ations were made in an hepatic venule and 
the portal vein, employing the method of 
hepatic venule catheterization of Meyers and 
Taylor!, and by the portal vein at laparot- 
omy in 10 reclining adults. Saline manometer 
pressures were read from a zero point 9 cm. 
above the posterior chest wall. Occlusive 
hepatic venule pressures were first obtained 
in the preoperative state. The patients were 
then moved to the operating room with the 
catheter in the hepatic venule where, under 


general endotracheal ether anesthesia, the ab- 
domen was opened and simultaneous pressure 
determinations were made direct in the portal 
vein or one of its tributaries and again in 
the hepatic venule through the previously 
introduced catheter. 


Results. PREOPERATIVE stupy. In the 6 
patients without liver disease, the mean 
hepatic venule pressure was 16.8 cm. 
of physiological saline solution. In the 
free large hepatic vein the average 
pressure was 11.6 cm. Thus the average 
gradient difference as between venule 
and vein is 5.2 cm. (Table 1). 

In the 4 patients with proven liver 
disease (biliary cholangitis, early Laen- 
nec’s cirrhosis, and 2 cases of carcinoma 
metastatic to the liver) but without 
clinical evidence of portal hypertension, 
the mean hepatic venule pressure was 
19.2 cm. of normal saline. The mean 
hepatic vein pressure in this group was 

( 643 ) 
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13.2 cm., yielding a gradient of 5.9 cm 
(Table 1). 

STUDY AT OPERATION. In the patients 
without liver disease the mean hepatic 
venule pressure was 21.8 cm. of phys- 
iological saline solution representing an 
average rise of 5 cm. when compared 


TABLE 1.—SIMULTANEOUS PRESSURE 
MEASUREMENTS (IN CENTIMETERS 
OF PHYSIOLOGICAL SALINE SOLUTION) 
IN THE HEPATIC VENULE AND PORTAL 
VENOUS SYSTEM IN MAN : 


NORMALS 


Preoperative At Operation 


Hepatic Venule 12.4-21.4 16.0-29.1 
(16.8) (21.8) 

Hepatic Vein ».4-14.0 14.6-24.0 
(11.6) (20.3) 

Gradient 2.0-8.2 1.2-5.1 
(5.2) (3.1) 


Portal System 11.8-25.3 
(20.3 
—3.4-+5.5 
(+1.5 
ABNORMALS 


Preoperative At Operation 


Hepatic Venule 15.5-21.4 22 . 5-37 .3 
(19.2) (29.2) 

Hepatic Vein 7.9-18.6 17 .8-25.4 
(1S (20.7) 

Gradient 2.8-11.4 3.5-11.9 
(5.9) (8.5) 

Portal System 26 .0-37 .3 
(30.9) 

Gradient - 0.0-3.5 
(1.7) 


- their preoperative pressure (Fig. 

1). The average hepatic vein pressure 
was 20.3 cm. with a gradient of 1.5 cm. 
The direct portal vein pressure aver- 
aged 20.3 cm. of normal saline re pre- 
senting a slightly reversed gradient of 
1.5 cm. of normal saline when compar- 
re with ~ he »patic venule pressure 

Table 1). This is probably due to the 
inert technique employed, but 
may represent the opening of hepatic 
arterial-venule shunts. The mean gra- 
dient between the preoperative hepatic 
venule pressure and the direct portal 
vein pressure was 3.5 cm. of physiologi- 
cal saline solution (Table 1). 


SIMULTANEOUS PRESSURE 


MEASUREMENTS 


In the group with liver disease the 
average hepatic venule pressure was 
29.2 cm. of physiological saline solu- 
tion. The mean hepatic vein pressure 
was 20.7 cm., with a gradient of 8.5 cm. 
The mean direct portal vein pressure 
was 30.9 cm. of physiological saline 
solution, with an average gradient of 
1.7 cm., when compared with the oc- 
cluded hepatic venule pressure in this 
same group. The mean gradient be- 
tween the preoperative hepatic venule 
pressure and the direct portal vein pres- 
sure at operation was 11.7 cm. 

The pertinent pressure values with 
means and extremes are presented in 
Table 1. 

When the individual pressure values 
of the hepatic venule and portal sys- 
tem at operation are plotted graphically 
a relatively linear distribution is evi- 
dent even in this small series (Fig. 1). 
The coefficient of correlation between 
the pressures in the hepatic: venule and 
the portal vein is 0.86 = 0.77, with the 
probability of a chance relationship ly- 
ing between 0.01 and 0.001. 

Tn all but Case 3 there was a rise 
in hepatic venule pressure at operation, 
and this was greater in the abnormal 
group (Fig. 2). Statistically these ob- 
servations are not significant, since 
there are so few cases in the series. 

Conclusions. Occlusive catheteriza- 
tion of the hepatic venule may be 
used to assess pressures in the portal 
system in patients with and without 
liver disease. An approximate linear re- 
lationship exists between portal pres- 
sure and occlused hepatic venule pres- 
sure when measured simultaneously. 

There is a rise in hepatic vein and 
hepatic venule pressure at operation 
which is greater in the abnormal group. 

The caliber of portal system vessel 
had no significant effect on the pres- 
sure reading, provided the portal vein 
or one of its larger tributaries was em- 
ployed. 
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HEMOCHROMATOSIS is a disorder of 
iron metabolism characterized by ab- 
normal absorption of iron from the 
small intestine occurring principally in 
males but occasionally encountered i 
postmenopausal women. The disease 
may be clinically manifested by skin 
pigmentation, weakness, hepatomegaly, 
diabetes, myocardosis, decreased libido, 
de eoonane axillary and pubic hair, and 
testicular atrophy. Histologically, there 
is increased melanin deposition in the 
skin and deposition of hemosiderin in 
nearly all of the tissues of the body"*;*: 
14.17,“ Tyon must increase 10 to 20 mg. 
per 100 gm. of liver tissue before hemo- 
siderin is microscopically observed*. 
Unlike hemosiderosis where iron is de- 
posited first in the Kupfer cells, in 
hemochromatosis hemosiderin is first 
found in the liver parenchymal cells 
and periportal areas!®18, The regula- 
tion of iron absorption from the gastro- 
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Philadelphia, Pennsylvania; and the Dep art- 


and Graduate School, 


intestinal tract is usually ascribed to a 
mucosal block. Cellular apoferritin has 
been implicated as the controlling fac- 
tor for this block". 

Since it is believed that storage iron 
in hemochromatosis may be utilized in 
the formation of hemoglobin, attempts 
at treatment have recently been direct- 
ed toward the removal of iron by vene- 
section®.*°, However, this therapy is of- 
ten not feasible in elderly patients who 
may have anemia. It appeared that 
che lating agents which have been used 
successfully in the treatment of lead 
poisoning might be employed similarly 
to remove iron deposits. 

‘ Chelating agents produce closely knit 
metal organic compounds which alter 
the phy siological characteristics of the 
metal. Ethy lenediamine _ tetraacetic 
acid (EDTA) is such a compound. It 
is a polyamino, polycarboxylic acid 
which is used in industry to inactivate 


California. 


SEVEN, ET VERSENOL IN 
metals, by combining them to 
form water soluble metal complexes or 
chelates. Lead*:!6 and iron®-?! excretion 
have been enhanced clinically by the 
use of the di-sodium salt. New chelat- 
ing agents have been produced which 
bind iron more effectively for some ap- 
plications®. One of these agents N-Hy- 
droxyethylethylenediamine triacetic 
acid (Versenol)* has been employed 
in the present study. 

Versenol acid and its alkali metal 
salts are readily soluble in water and 
formation of metal chelates is com- 
plete at a pH of 7 Whereas ferric 
iron chelated with EDTA is decom- 
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gun. All containers, apparatus, and reagents 
used in the determinations were freed of iron 
by treatment with nitric acid followed by re- 
distilled water. The method used for serum 
iron determination was that of Barkan and 
Walker? except that ascorbic acid was used 
as a reducing agent as suggested to one of 
the authors (J.G.R.) by Dr. Otto Schales. 
Application of this method to the serum of 
healthy individuals has given values averag- 
ing 125 micrograms per 100 cc. and ranging 
from 80 to 200 micrograms. Iron. binding 
capacity of the serum was measured by the 
method of Ventura!®. Iron was determined 
in the urine by applying the foregoing method 
to digests prepared according to a technique 
described in the Official Methods of the Asso- 
ciation of Agricultural Chemists, 7th Ed., p. 
105. Prothrombin time was determined by the 


method of Quick!5. 


CH,COOH 


CH.CH,—N—H 


CH,.COO 


Fig. 1.—Structure of N-hydroxyethylethylenediamine triacetic acid, Versenol. 


posed in alkaline media to form ferric 
hydroxide, the ferric chelate of Ver- 
senol is stable under these conditions. 
Thus Versenol makes possible the che- 
lation of ferric iron over a wider pH 
range. Studies in animals to date have 
shown decrease in calcium levels to be 
its only undesirable side effect. The 
structural formula of this agent is 
shown in. Fig. 1. 


Method of Study. The Versenol solution 
was prepared in the following manner. One 
gram of Versenol acid was dissolved in 40 
ce. of 0.9% saline. The solution was brought 
to pH 7.38 by the slow addition of dilute 
hydroxide. Following filtration, it 
was autoclaved for 15 minutes at 15 pounds 
pressure. 

No food was permitted prior to 9:00 A.M. 
of each day of the study. At that time blood 
samples were drawn, the intravenous infu- 
sion of normal saline solution with Versenol 
was started, and 24-hour urine collections be- 


sodium 


°Kindly supplied by Bersworth Chemical Co., 


Case Histories and Results. case 1. E. L., 
a 69-year-old white male formerly employed 
as a head waiter, was admitted to Phila- 
(lelphia General Hospital on April 17, 1953, 
vith a history of progressive weakness and 
ratigue of 2 months’ duration. Following an 
spisode of pediculosis corporis several months 
orior to admission, he retained a brownish pig- 
nentation of the skin. When seen in another 
hospital in March, 1953, areas of pigmenta- 
tion on the soft palate were noticed. He 
admitted a moderate ingestion of alcohol over 
a period of 20 years but gave no history of 
previous transfusions and had no symptoms 
suggestive of diabetes mellitus. Physical ex- 
amination revealed a brownish skin pigmenta- 
tion, diffuse in the groin but spotty elsewhere. 
There were several “small areas of dark brown 
pigmentation on the soft palate. The liver 
edge was smooth and palpable just below the 
costal margin. 

Skin biopsy of the upper thigh showed 
hemosiderin. Liver biopsy showed deposits 
of hemosiderin in the periportal areas and 
evidence of early periportal fibrosis. Blood 
sugar and liver function tests were normal 
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except for bromsulfalein retention of 10%. 
Stool analysis showed an increase in free fat. 

Twenty cubic centimeters of a solution of 
Versenol (0.5 gm.) were added to 100 cc. 
of 0.9% saline and administered intravenously 
over a one-hour period on each of 2 days. 
Urine specimens were collected from 9:00 
A.M. to 9:00 A.M. on each of 3 control days 
prior to the administration of Versenol, during 
the 2 days of treatment, and for 3 days there- 
after. The collections from each period were 
pooled and measured for volume and iron 
content. Fasting serum iron determinations 
were made preceding the first administration 
and on the first day following the treatment 
period. 


TABLE 1 


TREATMENT 


OF HEMOCHROMATOSIS 
polydypsia; a diagnosis of diabetes mellitus 
was made. She was treated with globin in- 
sulin, 20 units morning and night. She was 
hospitalized, in 1942, because hepatomegaly 
was found, and a decrease in axillarv and 
pubic hair noted. She admitted to an alcoholic 
intake of about one pint a day for 10 years, 
but claimed that food intake had been ade- 
quate during this period. She was discharged 
with a diagnosis of suspected hemochroma- 
tosis. 

Her next hospital admission was in 1948, 
for an impacted fracture of the surgical neck 
of the left humerus. Physical findings were 
otherwise unchanged, and insulin require- 
ments were the same. 


ELECTROLYTE AND PROTHROMBIN DETERMINATIONS IN PATIENT 


WITH HEMOCHROMATOSIS GIVEN VERSENOL 


Fe 


Urine Per- 
Fe meg./ 100 ce. cent 
Date mg./24 hrs. saturation 
1/ 7 1.89 
1/ 8 2.62 144 100% 
1/ 9 2.67 144 
*1/10 2.72 
2.18 146 
"1/12 6.15 113 
*1/13 10.50 93 100% 
1/14 6.28 141 
15 6.61 119 
1/16 3.86 
1/20 


* Treatment period 


In this patient the urinary iron excretion 
was within the normal range during the con- 
trol period, 919 meg. in 72 hours. During the 
treatment period this rose to 990 mcg. in 48 
hours. Excretion in the posttreatment period 
was almost 1200 mcg. in 72 hours. The initial 
serum iron was 106 mcg. per 100 cc. with a 
serum binding protein saturation of 
37.9%. On the first day of the posttreatment 
period the fasting serum iron level was 55 
meg. per 100 cc. with a saturation of 29%. 

cASE 2. E. H., a 66-year-old white female, 
was admitted for the fourth time to the Phila- 
delphia General Hospital on December 7, 
1953. She had been in good health until the 
age of 38 when there had been an abrupt 
cessation of menses. At the age of 40, greyish 
brown pigmentation of the skin was noted. 
She was seen as an outpatient at Philadelphia 
General Hospital, in 1941, at the age of 54 
because of weakness, fatigue, polyuria, and 


iron 


Blood 
Pro- 
thrombin 
time Na K Ca 
143 6.0 10.2 
145 5.95 
88% 
88°, 144 4.2 10.2 
65% 
65% 141 5.7 9.6 
65% 139 6.1 
65% 136 5.1 9.9 
65% 143 5.2 9.2 


Her third admission in September, 1950, 
was for the purpose of study. She was asymp- 
tomatic, and denied use of alcohol in the 
past 6 years. A skin biopsy showed deposits 
of hemosiderin. Liver function studies in- 
cluded negative cephalin and thymol floccula- 
tion tests, bilirubin of 1.13 mg., serum albu- 
min of 5.3 gm., globulin of 2.5 gm. per 100 
cce., and bromsulfalein retention of 39%. The 
cholesterol was 172 mg. per 100 cc. with 68% 
esters. The basal metabolic rate was +6 and 
there was a 70% drop in circulating ecosin- 
ophils after injection of adrenalin. 

Her final admission on December 7, 1953, 
was because of an intertrochanteric fracture 
of the right femur. She had no other com- 
plaints except for occasional dyspnea on ex- 
ertion. Her weight had been stable in recent 
years. 

A prominent finding was greyish-brown dis- 
coloration of the skin, most marked over ex- 
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posed areas. There was no mucosal pigmen- 
tation. The liver was palpable 3 fingerbreadths 
below the costal margin. Her right leg was 
in external rotation. The spleen was not felt. 
The insulin requirement had decreased in the 
past year and an attempt was made to dem- 
onstrate adrenal insufficiency. 

Studies on admission included urine, blood 
count, and blood urea nitrogen measurements, 
all of which were within normal limits. Endo- 
crine studies included a Kepler Power test 
with a value of 11. A glucose tolerance test 
was done and the fasting specimen found to 
show 173 mg. per 100 cc., one-half-hour 
specimen 184, one-hour specimen 209, two- 
hour specimen 222, three-hour specimen 242, 
four-hour specimen 262, and five-hour speci- 
men 294 mg. per 100 cc. The output of 17- 
ketosteroids was 5.2 mg. The [181 uptake 
was 19%. The Thorn test showed an eosino- 
phil drop from 155 to 65. 

Hepatic and electrolyte studies gave the 
following results: 


Cephalin flocculation 
Thymol turbidity 
Thymol flocculation 
Bilirubin 

Chloride 

Protein 

Albumin 

Globulin 

Calcium 

Sodium 

Potassium 

Alkaline phosphatase 
Phosphorus 
Cholesterol 

Esters 

CO: capacity 


The serum iron was 140 mcg. per 100 cc. 
with the serum 100% saturated. 

Liver biopsy showed marked periportal 
fibrosis and large amounts of hemosiderin in 
the parenchymal cells, and was reported as 
compatible with hemochromatosis. 

The study consisted of a 3-day pre- and 
posttreatment period separated by a 4-day 
treatment phase. The patient was given 
0.5 gm. of Versenol on January 10, 1954, 
and 1.0 gm. in 300 cc. of 1% saline over a 
one-hour period for the next 3 days. 

Urinary iron excretion during the 3 days 
prior to treatment averaged 2.4 mg. daily. Ex- 
cretion rose slightly to 2.7 mg. on the first 
day, and fell to 2.2 mg. on the second day 
of treatment. There was a marked rise on 


the third day of treatment to 6.15 mg. The 
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peak of 10.5 mg. was reached on the fourth 
and last day of treatment. This increased iron 
excretion extended into the posttreatment 
period, being 6.28, 6.61, and 3.86 mg. re- 
spectively on succeeding days. 

The serum iron first decreased on the third 
day of treatment to 113 meg. per 100 ce. 
and reached a low of 93 meg. per 100 cc. 
on the last day of treatment. On this day 
the saturation was still 100%. Liver function 
studies, blood urea nitrogen concentration and 
the hemoglobin were not appreciably altered 
as the result of treatment. 

Except for a brief urinary tract infection, 
the patient did well until February 21, 1954, 
when she developed jaundice and a distend- 
ed abdomen. She became disoriented and 
lethargic. A diagnosis of hepatic coma was 
made and treatment instituted. The course 
was rapidly downhill and the patient died 
on February 23, 1954. Necropsy was not 
permitted. 


4+ 
0.75 Maclagan units 
0 


1.98 mg./100 ce. 
94 mEq./L. 

6.3 gm./100 ce. 
2.9 gm./100 cc. 
3.4 gm./100 cc. 
10.2 mg./100 cc. 
146 mEq./L. 

4.9 gm./100 cc. 
3.40 Bodansky units 
2.76 mg./100 ce. 
110 gm./100 cc. 
64% 

22.6 mEq./L. 


Discussion. It is doubtful whether 
the first patient had hemochromatosis 
even though liver and skin biopsies 
were compatible with the diagnosis. 
Normal serum iron values have been 
reported in hemochromatosis, but the 
finding of normal saturation is not con- 
sistent with this diagnosis. The 24- 
hour urinary excretion of iron rose to 
445 mcg. with the use of Versenol dur- 
ing a 2-day collection period as oppos- 
ed to a control of 306 mcg. 

In the second patient, a classical and 
well proven case of hemochromatosis 
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with a serum level of 140 mcg. per 100 
cc. and saturation of 100%, the response 
te Versenol therapy was more striking. 
The urinary iron excretion was increas- 
ed more than fourfold by the fourth 
day of treatment. The enhanced iron 
excretion continued into the posttreat- 
ment period. On the third day of treat- 
ment, the serum iron dropped consid- 
erably. Despite a further drop on the 
fourth day, the serum iron saturation 
was still 100%. This observation is im- 
portant suggesting that the process of 
hemoglobin regeneration, which de- 
pends on the availability of transport 
iron in the form of iron siderophyllin 
chelate, will not be disturbed by the 
depletion of iron stores through suitable 
chelate treatment. Liver function 
studies, blood urea nitrogen and elec- 
trolyte concentrations were not sig- 
nificantly affected. The prothrombin 
time, in contradistinction to the findings 
of Wishinsky et al.*1 with EDTA, was 
not altered significantly. 

As there are approximately 2 2.65 gm. 
of iron in the circulating blood volume 
of 5 liters, it is evident that a much 
greater amount of iron is lost through 
the customary venesection of half 
liter, that is, 265 mg., than was lost 
through a course of Versenol, namely, 
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16 mg. However, since phlebotomy 
may be contraindicated in certain 
stages of this disease, intermittent 
therapy of this type directed at re- 
duction of nonhemoglobin iron stores 
in the body may be useful. Use of 
larger doses may be feasible since no 
toxic effects were noted in the 2 pa- 
tients treated. If the chelating agent 
could be administered frequently and 
conveniently, this form of therapy 
should have distinct practical value. 
Chelating agents now available are ap- 
parently not effective by the oral route 
of administration!®, but ‘studies in prog- 
ress offer hope that this goal can be 
achieved. 

Summary. 1. N-hydroxyethylethylene- 
diamine triacetic acid (Versenol) was 
found to cause a marked increase of 
urinary excretion of iron in a patient 
suffering from hemochromatosis. An- 
other patient with evidence of abnor- 
mal iron storage in the tissues showed 
a smaller increase in urinary iron ex- 

The increased iron excretion was 
simian to suggest that Versenol may 
have value for treatment of hemo- 
chromatosis. No untoward effects of the 
drug were noted. 
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LACK OF EFFECT OF FAT INGESTION ON BLOOD COAGULATION 


By Pum R. Manninc, M.D.* 


AND 


Roy L. Wa.rorp, M.D.ft 


(From the Medical Service and the 
Chanute 


THE observations of Strom and Jen- 
sen® indicate that there was a marked 
fall in the mortality from diseases of 
the circulatory system in Norway dur- 
ing the period 1943 to 1945. During this 
period restrictions caused by the war 
were such that the average diet de- 
creased in caloric intake from 3400 to 
2849 calories per day. The consump- 
tion of fat dropped from 159 to 71 gm. 
per day. 

Another report from Norway by 
Dedichen et al. stated that the inci- 
dence of postoperative thromboembolic 
phenomena decreased from about 16 
per 1000 in 1941, to 6 per 1000 in 1944, 
and had increased to 21 per 1000 
in 1948. It has been suggested that 
the decreased consumption of fat might 
affect the clotting mechanism of blood 
in such a way as to lessen the likelihood 
of thromboembolism. 

Waldron, Beidelman, and Duncan® 
had prev iously reported that the oral 
ingestion of 60 cc. of 20% cream caused 
a 33.7% decrease in the clotting time of 
blood in the first half hour and a 43.7% 
decrease at the end of one hour. 

The work of Tulloch et al.7, however, 
failed to demonstrate that oral inges- 
tion of the same amount of cream 
would alter the coagulation time. These 
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workers suggested that Waldron, et al., 
were able to demonstrate a change in 
the clotting time because they used one 
syringe for successive venipunctures. 
It was suggested that thrombin from 
the first venipuncture remained ad- 
hered to the syringe and shortened the 
succeeding clotting times. 

More recently Fullerton et al.* found 
that the blood clotting time was accel- 
erated in patients who had ingested a 
meal containing 85 gm. of fat. The 
greatest acceleration of the clotting 
time occurred 3 to 4 hours after inges- 
tion of the fatty meal. This time rela- 
tion is in keeping with the maximum 
increase in the blood lipids which oc- 
curs after a fatty meal®. Confirmation of 
this work would furnish at least a par- 
tial explanation for the observations 
which indicate that a fall in postopera- 
tive thromboembolic episodes might 
accompany a decrease in dietary fat. 


Methods and Materials. INDUCTION OF 
LIPEMIA. Lipemia was induced by the oral 
administration of 240 cc. of 12%, 20% and 
40% cream respectively to 3 groups of 4 
patients each as indicated in Table 1. The 
cream was given in a fasting state, and is 
equivalent to 29, 48 and 96 gm. of fat. A 
butter-egg-bacon meal identical to that em- 
ployed by Fullerton et al.4, was given to 18 
patients. The meal contains 85 gm. of fat. 
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LACK OF EFFECT OF FAT 
Generally at each bleeding a tube of the pa- 
tient’s blood was set aside in order to observe 
the extent of gross lipemia. 

COAGULATION TIME. Four to five cubic 
centimeters of blood were drawn into silicone- 
lined syringes with a #20 gauge needle. The 
needle was removed and 8 to 10 drops of 
blood were delivered into each of 2 silicone- 
lined new Kahn tubes. These tubes had been 
allowed to remain in a 38° C. water bath for 
a number of minutes. The tubes were imme- 
diately returned to the water bath. The first 
tube was examined for coagulation at the end 
of 10 minutes and at 2%-minute intervals 
thereafter. When this blood had clotted, the 
second tube was examined immediately and 
at intervals of 2% minutes. The tubes were ex- 
amined by gentle tilting. The endpoint was 
taken as the y sevens of a definite coagulum. 
In the great majority of cases, the 
tube could be completely inverted at this 
point without loss of blood. The aver- 
age coagulation time of the 2 tubes was 
recorded as the final result. In 9 cases, after 
4 to 5 cc. of blood had been drawn through 
a silicone-lined needle, the syringe was dis- 
carded and the drops of blood collected di- 
rectly into the Kahn tubes. This variation in 
technique seemed to have no effect upon the 
results obtained. In all cases, if the initial 
venipuncture was poor, the needle and syr- 
inge were discarded and a new attempt made. 
In order to estimate roughly the technical 
variation of this method in our hands, one 
control individual was bled 5 times at one 
sitting. (In this small series the range [2c] 
was 22 to 32 minutes.) All readings were 
reporte -d to the nearest minute. 

CLOT RETRACTION. This was determined ac- 
cording to the method outlined by L. W. 
Diggs. 


* Statistical methods: 


) Analysis of between column variance 
Table 2 is taken as example 
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PROTHROMBIN CONSUMPTION. This was de- 
termined according to a modification of 
Quick’s method. (Frommeyer and Epstein? ). 


Results. Reference is made to Tables 
1 and 2. We were unable to demon- 
strate that the ingestion of varying 
amounts and types of fat had any sig- 
nificant effect upon the rate of blood 
coagulation. The 3 groups of 4 patients 
each as listed in Table 1 and the 18 
patients listed in Table 2 were analyzed 
separately by a statistical study of the 
between column variance.* The re- 
sults were not significant on a 5% level. 
Also, analysis of Table 2 by the t- 
method showed no significant varia- 
tion. The age of the patient did not 
appear to influence the results. In addi- 
tion, the per cent of clot retraction and 
the prothrombin consumption times 
were not altered to any statistically sig- 
nificant degree by the ingestion of fat. 

In general the ingestion of 12% cream 
was followed by a slight gross lipemia, 
the 20% cream by a moderate, and the 
40% cream by a moderate to marked 
gross lipemia. The height of the gross 
lipemia was at a 3- to 4-hour interval. 

Discussion. Our results agree with 
those of Tulloch et al.7 in that we were 
unable to demonstrate that the inges- 
tion of cream had any effect upon the 
speed of blood clotting. However, it 


a. square the individuals and add (Ans. 49,851) 

b. obtain total for each column, square these totals, sum these squares, and divide this total 
by number of individuals in each column (Ans. 47,621) 

c. total all individuals, square this, and divide by total number of individuals (Ans. 47,585) 


Set up the following: 


Source of Variance 
Between column 
Within column 


(b)—(c) =36 


Sum of Squares 


(a) — (b) = 2,230 


Degrees Freedom Mean Squares 
(m—1)=2 19 
m(n—1)=51 43 


Ratio of larger mean square to smaller =43/19= 2.26 
Reference to tables reveals that for degrees freedom 2 and 51, p>0.05 


(2) Comparison of column #1 with columns #2 and #3 respectively by the t-test reveals t values 


of 0.86 and 0.38 respectively. 


This has no significance on a 0.10 level. 
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UTES FASTING AND AFTER INGESTION 
OF BUTTER-EGG-BACON MEAL (85 GM, 2 Telatively small amount of fat. Fuller- 


FAT) pagal ton et al. reported that 65 gm. and 85 
Clotting Time gm. of fat decreased the blood clotting 
No. (years) Fasting Shere. hrs. time, whereas 12 to 30 gm. in 8 of 9 
1 18 25 28 23 cases had no effect. Nevertheless, with 
amounts of fat ranging from 29 to 96 
4 29 iI 33 gi gm. in the form of cream, and with a 
5 23 33 32 30 bacon-egg-butter meal containing 85 
gm. of fat, we were ‘able to demon- 
8 31 31 24 a9 strate any effect up... the clotting 
= mechanism as measured by the coagu- 
i 18 3] 37 3g__- lation time, clot retraction, and pro- 

12 19 47 34 29 thrombin consumption time. 
Summary. The oral ingestion of vary- 
15 55 25 28 gg ing amounts and types of fat caused 
167 56 31 40 40 no statistically significant change in the 
blood coagulation time, prothrombin 
t Indicates history of coronary occlusion consumption time, and clot retraction. 
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THE low-salt diet, a term frequently 
used synonymously with the low- 
sodium diet, has long been a part of 
the clinical armamentarium in the 
treatment of chronic renal disease®. 
Although salt restriction is beneficial in 
many instances, its potential dangers 
have been elucidated 
23,44. Patients with advanced renal dis- 
ease frequently display an ability to 
maintain the integrity of the structure 
of the extracellular fluid with prolonged 
periods of salt restriction®**, and even 
with salt deprivation**. Thus the 
measurement of extracellular electro- 
lytes may not in all instances reflect a 
disturbance of body base within the 
cell®27, 

Recognition of a loss of body base 
in patients who are not the classic 
salt?®47 or potassium losing nephri- 
has prev iously heen reported 
in the literature®7. Elkinton", studying 
patients with chronic renal disease, 
showed that when sodium was used 
as bicarbonate, sodium definitely en- 
tered the cells when the chloride space 
was taken as being representative of 
the extracellular compartment. More 
recent studies by Nickel and his co- 
workers*+, using metabolic balance as 
well as exchangeable isotope tech- 
niques, demonstrated considerable in- 
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Heart Association, ond funds made available by 


tracellular cation deficiencies in 3 
patients with known chronic renal 
disease. Yet in this latter series the 
depletion was not reflected in the extra- 
cellular electrolytes. Porter et al.** ana- 
lyzing tissue electrolytes, alluded to a 
cell depletion of potassium in cases of 
renal failure again not reflected in 
serum studies. 

Recent reportsS-** have indicated the 
clinical and chemical changes occur- 
ring in patients suffering from uremia 
and acidosis with the administration 
of large doses of hypertonic sodium lac- 
tate, calcium and oc asionally potas- 
sium salts. Maintenance therapy was 
used in most of these cases, and since 
this regimen is in some respects con- 
trary to salt (sodium) restriction, 
data will be presented on 8 of these 
cases, most of whom initially showed 
varying degrees of base retention. The 
mnothenisies by which the body deple- 
tion of base occurred will be postulated. 


Materials and Methods. The 8 cases pre- 
sented here were chosen for this study either 
because they were in extremis or because all 
other available measures of treatment for 
uremia and acidosis were unsuccessful. They 
were treated exactly according to a protocol 
published elsewhere?8 and received large 
doses of one or one-half molar sodium lac- 
tate orally or intravenously along with cal- 
cium salts (calcium lactate or gluconate) and 
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frequently potassium salts (potassium chlo- 
ride or potassium acetate). Four patients were 
comatose and the other 4 were ambulatory 
but experiencing severe signs and symptoms 
of uremia. In 6 cases the known renal dis- 
ease had been recognized for from 2 to 17 
years. The series comprised 5 cases of chronic 
glomerulonephritis, 2 cases of polycystic kid- 
ney disease and one case of chronic pyelo- 
nephritis. 


this the specially administered electrolytes 
were added in construction of the charts. 

On 2 ambulatory patients salt deprivation 
was used in the form of salt-free dextrimal- 
tose for from 5 to 9 days. On one other 
patient a very low sodium diet was used. Dur- 
ing the baseline period all of these patients 
who were not comatose were restricted as to 
protein intake, this being from 20 to 39 gm. 
daily along with forced calories*.?1. 
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Fig. 1. 
dextrimaltose. 


A negative sodium, potassium 


P.E.: During the first study period salt deprivation was accomplished with salt-free 


and chloride excretion occurred indicating 


inadequate conservative mechanisms. During this time there was no further azotemia or 
evidences of hypovolemia. After being at home for 32 days, where a 12.5 mEq. Na diet 
was prescribed but probably not accurately followed, a second study period was begun. 
Dietary Na remained at 12.5 mEq. and supplementary K of 36 mEq. per day was given. No 
retention of Na occurred but a slight K uptake was observed. During the third study period, 
again after a period at home, a negative sodium excretion occurred with the administration 
of 160 mEq. of 1 molar sodium lactate while on a 12.5 mEq. Na diet. Supplementary potas- 
sium of 30 mEq. daily was added. Along with the negative sodium excretion again some 
retention of potassium probably occurred. 


The patients were studied as accurately as 
possible for the intake and output of sodium, 
potassium and chloride, either dietary or 
supplementary. The history was carefully re- 
viewed as to previous treatment, symptoms of 
nausea and vomiting, recent fluid intake and 
diarrhea. When intravenous fluid was the 
only means of alimentation, the intake-output 
data could be calculated quite accurately, but 
when food was tolerated certain discrepancies 
occurred. Thus, in most instances, diets were 
weighed before and after serving in 3 of the 
4 ambulatory cases. Calculations were made 
for sodium, potassium? and chloride, and to 


Daily blood determinations were done for 
blood urea nitrogen (reported elsewhere )3° 
and for serum sodium, potassium, chloride 
and CO.-combining power. Twenty-four hour 
urine samples were collected from 7 a.m. to 
7 a.m., and measured and analyzed for so- 
dium, potassium and chloride. Thus the 
concentration per liter and total excretion 
were known for the electrolytes mentioned. 
No correction for sweat or stool electrolytes 
was made, since the main interest at the 
time was the renal handling of these elements. 

All patients were weighed daily when pos- 
sible. Blood pressure and pulse were checked 
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2 to 4 times daily, but while receiving intra- 
venous hy pertonic sodium lactate, these were 
measured every 20 minutes during the infu- 
sion. Careful examinations for edema forma- 
tion were made and these were correlated 
with the weight since space-volume determin- 
ations were unavailable at the time. 

Sodium and potassium were determined on 
an internal standard flame photometer!‘. 
Chlorides, serum and urine, were measured 
according to the method of Schales and 
Schales#°; CO.-combining power was analyzed 
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urinary volume. Since discrepancies arise 
from die ‘tary calculations when ané ilyses_ of 
similar meals are not performed, average 
periods are recorded. By averaging the calcu- 
lations for several days, the percentage of 
error may be reduced. It must be again 
emphasized that correction for stool and sweat 
was not made and thus this data may not 
be interpreted as absolute balance data. In 
certain cases the magnitude of change tends 
to override the error involved and allusions 
to retention may be made. 
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Fig. 2.—S. G.: 


chloride and potassium excretion was noted. 


mEq. 


were incomplete from 13 to 15 days. 


Salt deprivation was used during the first period and another negative sodium 
In the second and third periods dietary sodium 
was 12.5 mEq. daily and supplementary 1 molar sodium lactate was given. . 
during these periods amounted to 95 mEq. daily. 
have in part been due to the previous period of loss. 


Dietary K content 
Uptake of base during these periods may 


In the next 2 periods a low Na and 95 


K diet were utilized. Potassium uptake continued but sodium conservation mechanisms 
In the last period with supplemental sodium lactate, 


a moderate sodium retention occurred along with K retention. 


on a Van Slyke manometric apparatus*§; while 
blood urea nitrogen was performed with the 
urease method!8, 

Graphs were constructed following the 
method of Bassett?9. The intake was plotted 
below the zero line and the output was plotted 
up from this. Thus a clear area below the 
zero line suggested a retention, while a shad- 
ed area above suggested a negative output. 
Therefore, the shaded area above or below 
the zero line gives the concentration per 
liter of the electrolytes as related to the 


Results. Table 1 presents each case 
with attention to potential mechanisms 
whereby a deficit of body base may 
occur. All patients had either continu- 
ous or intermittent vomiting for vary- 
ing periods of time. Diarrhea occurred 
in only one case. In all cases except 
P.E., J.M., and A.H. therapy initially 
was intravenous. Dehydration clinic: ally 
was corrected with the usual fluid 
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therapy before the administration of 
the combined regimen. These fluids in 
most cases included physiological sa- 
line, one-half physiological saline, potas- 
sium chloride, 1/6 molar sodium lac- 
tate, 5% glucose in water and 10% invert 
sugar. 

Graphs representing P.E., S.G., and 
L..M. indicate that during sodium dep- 
rivation or restriction a negative so- 


no sodium and practically no potas- 
sium. J. M. while on salt restriction may 
have compensated to some degree by 
retaining potassium, but no sodium was 
subsequently retained until the fourth 
study period. It is important to note 
that during the long intervals between 
study periods two of these patients 
were at home and absolute diet data 
were not available. Therefore, perhaps 


TABLE 1 


Known 
Patient Age — Diagnosis duration 
Chronic 
J. M. . glomerulo- years 
nephritis 
Chronic 
S.G 31 glomerulo- | 5 years 
nephritis 
Chronic 
27 glomerulo- years 
nephritis 
Chronic 
65 glomerulo- 3 weeks 
nephritis 
Chronic 
B. O. N. 33 glomerulo- weeks 
nephritis 
Polycystic 
M. Y. . 56 kidney 17 years 
Polycystic 
AH... . . 48 kidney 2 years 
Chronic 
H.DeK. . 56 pyelo- 9 months 


nephritis 


dium balance may occur. Yet under 
these circumstances there was no alter- 
ation in the chemical structure of the 
extracellular fluid or rise in the blood 
urea nitrogen during the study pe- 

Following salt deprivation and then 
electrolyte administration S. G. ap- 
pare ntly retained both sodium and po- 
tassium while P.E. apparently retained 


Salt Nausea and Admission 
restriction vomiting dehydration 
Yes, Mild. Clinically 
intermit- 1 week corrected before 
tently 5 study 
years 
Yes, Moderate. Clinically 
intermit- 6 weeks corrected before 
tently 5 study 
years 
Yes, Mild. Clinically 
intermit- + weeks corrected before 
tently 5 study 
years 


Severe. Clinically 


None 3 weeks partially corrected 
before study 
3 weeks Severe. Clinically 
None Diarrhea corrected before 
3 days study 
Yes, Mild. Clinically 
intermit- 6 weeks corrected before 
tently 3 study 
years 
Yes, Intermit- Slight. Clinically 
intermit- tent 2 corrected before 
tently 2 years study 
years 


Intermit- Severe. Clinically 
None tent 9 corrected before 
months study 


salt was ingested at home in sufficient 
quantities to explain the lack of reten- 
tion. 

Patient T.H. had 24+ clinical edema. 
It is of note that with the administra- 
tion of hypertonic sodium lactate and 
with the retention of about 1000 mEq. 
of sodium in an 8-day period, there 
was a complete disappearance of edema 
fluid with no diuresis. This suggested 
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that the volume of distribution of hy- 
pertonic sodium lactate must have been 
greater than the extracellular compart- 
ment as has been noted with sodium bi- 
carbonate**. This patient appeared to 
retain base for a 27-day period. During 
the periods of supplemental potassium 
administration this patient sustained an 
elevated serum potassium but despite 
an order for the discontinuance of this 
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acidosis had been excluded, the pos- 
sibility of renal acidosis was considered 
and combined electrolyte therapy was 
begun within a period of 36 hours after 
water and salt hydration had been at- 
tempted. It is interesting that some up- 
take of sodium could be related to 
an expansion of the extracellular com- 
partment but the negative chloride ex- 
cretion makes this dubious in spite of 
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Fig. 3.—J.M.: A 12.5 mEq. Na, 95 mEq. K diet was used throughout the study. Some potassium 

retention was noted throughout the entire observation time. Without added sodium lactate 

negative sodium balances occurred but apparently diminished in concentration throughout 

the study. The effect of replacement of a possible body base deficit upon tubular mechanisms 
is not known. 


ion the same dose was continued intra- 
venously. When the serum potassium 
was noted to be above 7 mEq./L., inten- 
sive therapy with hypertonic glucose, 
calcium, and insulin was employed!*. 
This was felt to be beneficial for under 
this regimen in spite of the additional 
potassium the serum value promptly 
returned to normal. 

L.S., who was admitted to the hos- 
pital in extremis after having been 
found comatose in her room, was in 
severe clinical acidosis. After diabetic 


a fall in the serum chloride value. 
Further base uptake was not even sug- 
gested until the third period when 
apparently slight amounts of sodium 
and potassium were retained. This pa- 
tient has served as her own control on 
3 occasions when discontinuance of 
supplementary electrolytes has resulted 
in hospitalization for recurrence of 
uremic signs and symptoms. (Necropsy 
performed revealed far advanced 
chronic glomerulonephritis. ) 

Patient M.Y. was admitted to the 
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hospital for the 17th time in 16 years 
with uremia arising from polycystic 
kidney disease. The patient was treated 
for 2 weeks with isotonic intravenous 
fluids, including 1/6 molar sodium lac- 
tate*® with no favorable clinical or 
chemical response. With the adminis- 
tration of hypertonic sodium lactate 
and added potassium, there was no 
uptake of base until after the sixth 
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that with oral hypertonic electrolyte 
solutions he initially retained both so- 
dium and potassium. During this time 
he required no further intravenous ther- 
apy and was completely rehabilitated 
for a period of 6 months with only one 
transfusion during that time. (Necropsy 
displayed polycystic kidneys weighing 
4000 gm. each. ) 

H.D.K. who had a 9-month history 
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sol 
sot 
Fig. 4—L.S.: Admitted in extremis, this patient had the shortest baseline data accrued and 


supplementary sodium lactate was begun within 48 hours. 


The initial uptake of sodium could 


be related to a re-expansion of the extracellular level but this is difficult to reconcile in view 

of the negative chloride excretion with a falling serum Cl level. Na equilibrium was approached 

in the second period but some retention of base occurred during the entire study. For the first 

10 days all therapy with intravenous. Dietary Na from the 10th to 17th day was less than 10 
mEq. and dietary K was 30 mEq. daily. 


day when clinical improvement was ob- 
vious. The observed potassium reten- 
tion may have reflected a better state 
of nutrition, and the initial chloride 
retention is difficult to explain since no 
clinical edema or weight gain was 
observed*®. 

A.H. for 2 years prior to the electro- 
lyte therapy had been maintained on 
three 1000 cc. intravenous infusions of 
1/6 molar sodium lactate and 500 cc. 
of blood each week. It is of interest 


of nausea and vomiting had been treat- 
ed previously for 2 weeks with isotonic 
and hypotonic solutions of saline and 
potassium with no clinical or chemical 
improvement. With the institution of 
the combined electrolyte regimen his 
blood urea fell 85 mg. per 100 cc. in 
a 24-hour period in spite of a urea 
clearance of only 6% of normal. From 
the history a large cell cation deficit 
would have been suspected, but from 
the intake-output data practically no 
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base was retained. Perhaps the iso- 
tonic solutions administered previous 
to the hypertonic solutions furnished 
adequate base. The explanation of a 
negative sodium and potassium along 
with a negative chloride excretion is 
not obvious. 

Discussion. Although these metabolic 
studies are subject to some degree of 
error, the changes observed appear to 
suggest that most of these cases in 
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tion of the structure of the extracellular 
fluid. 

The administration of added electro- 
lytes had very little effect on the serum 
sodium values, but in all instances when 
potassium was not added initially, a 
decrease in the serum potassium value 
occurred. This was corrected either by 
adding potassium as acetate or chloride, 
or by an improvement in the patient's 
nutrition. 


“WILL 


Fig. 5—B.O.N.: During the first 5 days regular dextrimaltose (85 mEq. NaCl) was given 
daily in addition to intravenous sodium lactate. After the 5th day supplementary K was 
administered, and the patient apparently retained base for 27 days. The negative excretions 
during days 27 to 42 are difficult to explain in view of further retention in the last period. 
It is of note that this patient lost edema fluid during the first period while retaining sodium 


indicating a larger volume of distribution than the extracellular compartment. 


Only total 


excretions were calculated in this case and thus urinary volumes are not recorded. 


the series had some body deficit of 
base which was not reflected in the 
serum sodium and potassium values. 
Sunderman*® has demonstrated that the 
osmolarity of the extracellular fluid 
may be maintained or elevated until 
death in patients with chronic renal 
disease and it has been suggested that 
the retention of blood urea and other 
osmotically active materials may be a 
homostatic mechanism in the preserva- 


The CO:-combining power rose 
above normal values in all cases with 
a concomitant drop in the extracellular 
chloride level. The serum electrolyte 
determinations, theretore, were of little 
value either in alluding to a body base 
deficit initially or, with the exception 
of potassium, in directing treatment to- 
ward a deficiency. 

In this series, one patient was 
edematous and edema fluid completely 


_ 


OBSERVATIONS ON UPTAKE OF 


disappeared while receiving sodium. 
None of the other cases while on ther- 
apy manifested edema or had weight 
gains that could not be explained on 
the basis of improved nutritional status. 

Although space volume measure- 
ments were not available, it appeared 
that the volume of distribution of hy- 
pertonic sodium lactate was greater 
than the extracellular fluid. This is in 
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this again indicating the probability of 
an intracellular migration of sodium, or 
the ability of the damaged kidney to 
handle this ion. 

At the time of electrolyte study the 
degree of uptake of base was not asso- 
ciated with the clinical condition of 
the patient nor could it be closely re- 
lated to the history. Four patients had 
previously been on sodium restriction 
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Fig, 6.—M.Y:: 
days prior to the study. 
occurred, 
18 days. 


This comatose patient had been on complete parenteral maintenance for 10 
Only isotonic fluids had been used, but negligible sodium retention 
and when corrected for stool and skin, near Na equilibrium existed for the next 
For the first period, all maintenance was intravenous. 


During the next 2 periods, 


dietary K was 60 and 76 mEq. daily. Additional salt (34 mEq. Na) was given to this patient 


during the last 2 periods because of a very low extracellular chloride value. 


With clinical 


improvement and better nutrition, this patient retained potassium during the last 12 days. 


keeping with Singer’s experience with 
sodium bicarbonate where he was able 
to show that the probable volume of 
distribution of sodium as bicarbonate 
was about five-sevenths of the body 
weight**. No hypertension was induced 
with the administration of sodium to 
this group of patients; nor was there 
any aggravation of an existing hyper- 
tension. No patient developed acute 
pulmonary edema or peripheral edema, 


for periods of from 2 to 5 years. All 
patients prior to therapy had been vom- 
iting intermittently for periods of from 
2 weeks to 9 months. Only one patient 
had diarrhea, but all patients had upon 
admission varying degrees of dehydra- 
tion. It must be emphasized that be- 
fore the combined electrolyte regimen 
was used, clinical dehydration was 
overcome with the conventional fluid 
replacement. Thus the base uptakes 
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demonstrated occurred after the usual 
therapy, with the exception of patient 
L. S., who was in extremis. Therefore, 
it appeared in this small series that 
the use of isotonic fluids in amounts 
sufficient to overcome clinical dehydra- 
tion did not always furnish adequate 
body base. 

Initially all patients had had periods 
of progressive weight loss that were 
well correlated w ith duration of nausea 
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tion mechanisms. The recent work does 
indicate that such mechanisms are still 
inherent in advanced renal disease***°. 
The loss of sodium via the kidney by 
salt restriction was pointed out by New- 
burgh in 1948**, He foresaw difficulties 
at that time even though the negative 
balance amounted to only a few ‘ili. 
equivalents daily. This multiplied by 
weeks or years could produce a tre- 
mendous de »pletion of cation. 
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Fig. 7.—A.H.: 


17 mEq. daily and dietary K 77 mEq. 


and vomiting. Fluid intake varied in the 
cases, and prior to conventional therapy 
or electroly te management, the history 
did not seem to indicate that fluid in- 
take was 1000 cc. above the urinary 
output. Added water in conventional 
concept of 1000 cc. for metabolic pur- 
poses probably was not available’. 

It is interesting in 3 patients where 
salt restriction or salt deprivation was 
used, that the urinary output of sodium 
was greater than the intake. This may 
he explained by inadequate conserva- 


A.H. had been on a 5-gm. salt diet and had received 2000 cc. 
lactate and 500 cc. of blood weekly for 2 years prior to the study. 


of 1/6 M Na 
Dietary Na accounted for 


The major uptake of base was associated with K 


Renal acidosis is known to account 
for a body loss of sodium, potassium, 
calcium and magnesium’. When the 
ammonium-forming mechanism of the 
kidney is unable to keep up with the 
excretion of anion, fixed base is then 
lost. It is believed that the above fea- 
tures probably accounted for the body 
loss of base in these patients. 

Although in several instances sodium 
was retained initially, long-term studies 
suggest that these amounts of sodium 
are eventually recovered. Although 
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metabolic data is not available, a hy- 
pothesis may be that with improved 
nutritional status the cell uptake of 
sodium which appeared to be an emer- 
gency was eventually exchanged for 
dietary potassium; this being the main 
physiologic cation of the cell’. 

In this series there was no electro- 
lyte correction for stool, sweat, or for 
one instance of diarrhea. The main in- 
terest at the time was the renal hand- 
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this may be a feature in reducing renal 
energy where so little reserve is avail- 
able**. When sodium was administered 
with lactate it appeared that the excre- 
tion of sodium was intimately related 
to this anion. 

Toxic metabolites and retention prod- 
ucts important in uremia continue to 
be sought, but the possibility of a more 
fundamental role of the concomitant 
base deficit in causing disability exists. 
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Fig. 8—H.DekK.: 
parenteral maintenance with isotonic fluids. 


is 79 


Three weeks prior to the intake-output study, this patient had been on 
Although this patient had been vomiting inter- 


mittently for 9 months, the isotonic fluid therapy apparently corrected the body deficit of 
base that may have been present. Practically no base was retained in this case and the negative 
sodium excretions were not correlated with a clearance of edema fluid. 


ling of electrolytes. It was seen in all 
cases studied that regardless of the 
baseline urinary sodium concentration 
per liter, with the administration of 
hypertonic sodium lactate the concen- 
tration of sodium in urine ,rose at 
times to almost normal levels, regard- 
less of the degree of kidney pathology. 
The effect of electrolyte therapy along 
with protein restriction on reduction of 
renal osmotic work is not known, but 
according to Newburgh’s calculations 


Attempts at correction of the deficit 
appear logical then, despite certain in- 
herent difficulties. Although potassium 
is important among the deficient cat- 
ions, the dangers of administering 
large amounts of base as potassium are 
well Sodium is 
most often administered with a strong 
non-metabolizable anion which de- 
mands excretion, displacement of bi- 
carbonate, or dilution of extracellular 
fiuid. Administration with lactate*® may 
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be advantageous on this account, as 
base may be made available for neu- 
tralization of acid metabolites in the 
body fluids and in excretion via the 
kidney in which normal acidification 
and ammonium forming mechanisms 
deficient. That relatively exact 
homeostatic regulation may be achiev- 
ed in this manner by kidneys that are 
seriously impaired would be consistent 
with Platt’s postulate that remaining 
nephrons may be capable of function- 


are 


ing ina supernormal manner*®, 

Summary. 1. Eight cases of advanced 
renal failure were reviewed as to po- 
tential mechanisms which would pro- 
duce a body deficit of base. 


NEUBAUER: 


2. Intake-output data for sodium, po- 
tassium and chloride is presented dur- 
irg the administration of supplemen- 
tary electrolytes. 

3. Most of the cases studied appear- 
ed to have varying degrees of body base 
deficit. 

4. The history or clinical condition 
of the patient did not present a reliable 
guide to the magnitude of cation de- 
pletion at the time of the metabolic 
study. The role of isotonic fluids was 
noted. 

5. When sodium was administered 
as hypertonic sodium lactate to these 
cases the excretion of sodium in the 
urine appeared to be intimately re- 
lated to the anion. 
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MYOTONIA dystrophica is a genetic 
neuro-endocrine disorder in which a 
specific myotonic reaction of striated 
muscles is associated with progressive 
muscular dy strophy and complex endo- 
crine disorders in which gonadal atro- 
phy, both in males and fe males, is most 
characteristic. Extensive clinical and 
endocrine studies which will be re- 
ported elsewhere** indicate that, in 
addition to the gonadal atrophy, 


changes in the pituitary of the type’ 


of basophilism, anomalies in the adren- 
als and thyroid pathology were ob- 
served. Four necropsies which were 
available to us, and a survey of the 
literature, indicate that myotonia dys- 
trophica is usually associ iated with a 
resting colloid goiter. The thyroids in 
our cases weighe d 37, 75, 22%, and 30 
om., re spectively, in contrast to a con- 
trol material of over 300 cases of other 
types of neuropathological conditions 


excepting goiter, in which hardly a 
single thyroid weighed more than 25 
em. These observations suggested that 
it might be desirable to study the thy- 
roid franchicn in myotonic patients with 
the use of radioactive iodine and de- 
terminations of protein-bound iodine. 


Method. Each of 6 male patients was 
administered (approximately 3 to 4 hours 
after breakfast) a tracer dose of 54 we [131 
in 100 cc. of water containing 100 y [127 
carrier. The drinking glass was washed with 
100 cc. of water, making a total of 200 
ce. of water consumed during the adminis- 
tration of [131, Two 24-hour urine collections 
were made under constant surveillance. Dur- 
ing this period the patients were kept in 
bed on their normal diet. No previous iodine 
therapy had been administered to these pa- 
tients. 

The in vivo uptake by the thyroid was 
determined on the Ist, 2nd, 3rd, 6th and 
8th days after administration. These measure- 
ments were carried out on a 4-channel scin- 
tillation countert? located in the Thyroid 


*This work was supported in part by the U. S. Atomic Energy Commission under Contract 


AT (30-1 )-952. 
**To be published in Medicine. 
tFour detectors (using Nal[T] crystals) 


located 


symmetrically, in a _ horizontal plane, 


around the neck. A model based on this original design has been described brie fly by Brownell 


and Stanbury?®. 
a background of approximately 1000 cpm. 
{Cpm = (Geiger) Counts per minute; 


( 668 ) 


The equipment had a se nsitivity of approximately 1100{ cpm/uc [131 and 


“ue = microcurie. 
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Laboratory of the Beth Israel Hospital, Boston, 
Mass.* Corrections for absorption and _ scat- 
tering of the [181 -y-rays by each patient were 
made by placing an [I!31 source (held in a 
small thin rubber container) on the anterior 
surface of the neck just below the cricoid 
cartilage. The reference standard was an [131 
source (equal in activity to the doses) in 
100 cc. of water contained in a 100-cc. 
volumetric flask. The error in the absolute 
value of the uptake can be as large as + 10%, 
depending on the body build and _ thyroid 
function of the patient. It will be seen from 
the recovery data that the error in the abso- 
lute value of the uptake for these patients 
is small. The error in the relative values of the 
uptakes for each individual has a standard de- 
viation equal to approximately 2 to 3% as 
determined by a series of measurements in 
which subjects were removed from and _ re- 
seated in the equipment. The urine activity 
was measured with the same instrument on 
the individual daily urine output, contained 
in 2 1-liter jars. No corrections were neces- 
sary for the urine determinations. The stand- 
ard deviation of the urine measurements is 
approximately 2 to 3%. 

Protein bound iodine (PBI) measurementst 
were made on 4 of the patients 7 days before 
the [81 administration and on all the pa- 
tients 3 days after. Aliquots of the distillate 
used to measure the PBI on the 3rd day after 
the dose were obtained to determine the or- 
ganically bound [131 level in the circulation 
(PBI181). The iodine was precipitated as Agl 
by adding 5 drops 1:1 HNO, 8 drops 5 
mg./cc. Nal solution and 7 drops saturated 
AgNO. solution to 15 cc. of the distillate. 
The solution was shaken to coagulate the AgI 
and was allowed to stand for one hour. The 
solution was filtered on a two-section sintered 
glass funnel and the AgI precipitate was re- 
covered as a flat disc on filter paper. Control 
samples of [131 were made in the same 
manner, and all samples were counted with 
an end-window B-ray counter on automatic 
counting equipment designed and built at the 
Massachusetts Institute of Technology. Back- 
ground was 30 cpm. The standard deviation 
of the PBI!31 measurements is approximately 
25%. The PBI residue material of the 3rd day 
was counted with a scintillation counter to 
estimate the inorganic [131 content of the se- 
rum. These measurements were not as good 
as would be desirable, because of the low 
counting rate to background ratio, but it was 
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possible to set an upper limit to the serum in- 
organic [151 values. 

Results. The results of the measure- 
ments on the 6 patients are presented 
in Tables 1 and 2. 

It can be seen that the values of 
thyroid uptake (15 to 42% dose) and 
urinary output (55 to 70% dose for the 
Ist day and 3 to 10% dose for the 2nd 
day) (Table 1) lie in the range of 
normal thyroid function. The recovery 
of the administered activity on the 2nd 
day is good (average recovery = 97%.). 
From the data in Table 2 2 the total circu- 
lating I'*' is less than 5% of the dose. 
Thus the recovery of the activity ad- 
ministered is satisfactory. 

The thyroid uptake is almost con- 
stant over the 8-day observation period. 
The biological half-lives of the ['31 in 
the thyroids of these patients range 
from 100 to 360 days and average ap- 
proximately 240 days. While it is not 
correct to determine a biological half- 
life from such short term measurements 
(both from the point of view of accur- 
acy and from considerations of the 
dynamics of the system®), the data do 
lead to the conclusion that the biologi- 
cal half-lives are long. This is further 
evidence, based on the findings of 
Burns et al.*, that the thyroid function 
of these patients is normal. A probabil- 
ity does exist, however, that the biolog- 
ical half-lives for these patients is 
greater than for normals. 

The PBI values (Table 2) for both 
periods of analysis are within the nor- 
mal range. There is no significant differ- 
ence eee een the group of four, 7 days 
before the I'*! administration and the 
same four or the whole group, 3 days 
after. The PBI values range from 33 to 
65yI/1 serum and average 50yI/1 


serum. 


°The courtesy of Dr. A. Stone Freeberg and Dr. G. Kurland is gratefully acknowledged. 


+These 
General Hospital, Boston, Massachusetts. 


measurements were carried out by Mrs. 


Dorothy E. Pratt of the Massachusetts 
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tween the Ist and 4th days after admin- 
istration of the dose, although the avail- 
able information does not permit a def- 
inite conclusion to this effect. The 


choice of the 3rd day is also a time 


The choice of the 3rd day after the 
administration of the dose for the 
PBI?*! measurements was a best esti- 
mate, from the results of McConahey 
et al.8 and Brownell!, of the time at 


TABLE 1.—PER CENT THYROID UPTAKE al URINARY EXCRETION AND 


PER CENT RECOVERY FOLLOWING A 54 uc DOSE OF I'* 


Days after Administration 


— 


1 2 3 6 8 1 2 1 2 


Uptake. Excretion Recovery 
JD 24.7 23.8 24.4 23.7 23 .'7 60.4 1.5 85.1 91.7 
FD LS.7 15.3 14.9 15.0 14.6 69.6 10.3 85.3 95.2 
SD $7.3 36.6 36.4 38.6 36.1 58.2 2.7 95.5 97.5 
HH 36.3 39.4 36.9 37.9 37.5 54.9 3.2 91.2 97.5 
AL 42.1 42.0 37.2 38.4 39.4 57.8 3.2 99.9 103.0 
HW 20.3 19.6 20.2 19.2 19.4 69.1 7.5 89.4 96.2 
Average 29 .4 29.5 28.3 28.8 28.5 61.7 5.17 91.1 96.9 


TABLE 2.—PROTEIN BOUND IODINE 
IODINE 


(PBI), RADIOACTIVE PROTEIN BOUND 
AND THYROID ORGANIC IODINE CONTENT 


PBI (3 Days After) 


PBI (y J i Serum) ~——— Thyroid 

Per Cent Dose in Organic 

7 Per Cent Dose Extra-thyroidal Iodine, 

Patient Before "After l serum Tissues* mg. I 
JD — 33 0.056 1.4 14 
FD 41 43 0.032 0.80 20 
SD t+ 0.053 31 
HH 62 65 0.085 2.3 29 
AL 62 46 0.022 0.56 84 
HW 46 54 0.049 1-2 22 
Average 53 48 0.050 33 


* Estimated on the basis of an organic iodine space for normals equal to approximately 25 | (9). 

* The total I'*! in the body (excluding the thyroid) for the 2nd day may be estimated from the fact 
that the inorganic iodide on day 3 is approximately 10% of the organic iodide and that on day 2 the 
inorganic iodide may be approximately 10 times greater than for day 3. Therefore, approximately 
1.3 + (0.1 X 10 XK 1.3) = approximately 2.6% dose is in the body on day 2. This value, added to 
the 97% recovery from the urine and uptake values, results in approximately 100% recovery of the 
activity for day 2. 


which the PBI'*! values would be a 
maximum. The data of Freedberg et al.5 


which is closer to the time at which 
equilibrium is established between the 


suggest that one day is an appropriate 
time and they indicate that values on 
the 2nd and 3rd days increase irregu- 
larly from the Ist day values. It would 
seem that the PBI!3! levels are prob- 
ably not rapidly varying values be- 


*Recent information on normal thyroids2 


specific activities of all the iodine com- 
partments of the body. By using PBI'*" 
values of this time, therefore, a more 
accurate calcalation of the organic 
iodine content of the thyroid can be 
made.* 


indicates that the serum organic iodine specific 
activity is not equal to, but is less than, the thyroid iodine specific 


activity 3 days after 


administration. The calculation of the thyroid organic iodine content, as carried out below, 
would lead, therefore, to an overestimate of this value. 


= 
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The PBI'*! values on the 3rd day 
after the administration of the dose 
(Table 2) range from 0.022 to 0.085% 
dose/1 serum and average 0.05% 
dose/1 serum. The value for euthyroids 
is approximately 0.15-0.25% dose/1 
serum!’, Thus, the PBI?*! levels of 
these patients are lower than those of 
euthyroids by a factor of approximately 
3 to 4. The serum inorganic iodide 
values were <0.005% dose/1 serum and 
are equivalent to approximately <10% 


thyroid organic iodine = 


of the PBI'*' values for all patients; 
conversely >90% of the serum activity 
is due to the PBI'*!. These data lead 
to a conversion ratio of approximately 
1.0/(1.0+ 0.1) = approximately 0.9 
which is in the normal range for 
euthyroids*® 

A question may arise about the bio- 
chemical interpretation of the PBI!*! 
values. The ratio of the butanol-extrac- 
table fraction to the trichloroacetic 
acid-precipitable fraction is not always 
equal to 1, but can var y between 1 and 
approximately 0.6, depending on the 
thyroid function®. Since the PBI distil- 
late used in this experiment is more 
nearly similar to the butanol-extractable 
fraction (both presumably containing 
iodine as thyroxine), the ratio of the 
distillate to the TCA-precipitable frac- 
tion will probably vary in the same 
manner as the ratio involving the bu- 
tanol fraction. To the extent raised by 
the above consideration, therefore, the 
interpretation of the absolute PBI'*! 
values is open to question. On the 
other hand, this consideration leads to 
no difficulty in the calculation of the 
thyroid organic iodine content, since 
the only requirements are that an ac- 
curate measurement be made of the 
specific activity of an organic iodine 


compartment (which in this case is the 
ratio PBI’*!/PBI) and that equilibrium 
exists between all the organic iodine 
compartments. Both these requirements 
are not dependent on the correctness 
of the absolute PBI'*" value. 

Assuming that equilibrium has occur- 
red between the specific activities of 
all the iodine compartments of the 
body, the organic iodine content of 
the thyroid may be calculated from 
the following expression: 


U x PBI 
PBI131 


10-3 mg. I, 


where U = uptake in % dose, PBI = 
yI/1 serum and PBI'**=% dose/1 
serum. The results are shown in Table 
2. The values range from 14 to 84 mg. 
1 averaging 33 mg. I. The best estimate 
for normals (as determined by chemi- 
cal analysis of thyroid tissue) is ap- 
proximately 8 mg. I*. Thus, the calcu- 
lated thyroid organic iodine content 
of these patients as a group is approxi- 
mately 3 to 4 times greater than that 
of normals. However, on the basis of 
Brownell’s recent information? it would 
appear that the assumption of equil- 
ibrium between the specific activities 
is not valid and that the value of the 
thyroid iodine content should be be- 
tween the value for normals and the 
maximum value calculated above 
(probably closer to that for normals). 
The conclusion may be made, therefore, 
that the thyroid organic iodine con- 
tent of these patients is quite likely in 
the normal range (or on the high side 
of normal) but that it may be larger 
than for normals. The suggestion of 
high thyroid organic iodine stores is 
not inconsistent with the histological 
conclusion of resting colloid goiter. 
Conclusion. The I'*! uptake and ex- 
cretion and the PBI values for 6 male 


| 
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patients are in the normal range. Al- 
though the probably greater then nor- 
mal biological half-lives and the less 
than normal PBI!*! values are not sig- 
nificantly beyond the normal range, 
these results do not exclude the possi- 
bility of thyroid organic iodine stores 
which are greater than normal. (The 
high biological half-lives and low 
PBI?! values could possibly be ex- 
plained by a low hormone output of 
the gland. which, however, cannot be 
recognized by clinical observation: ) 
The sugge stion that there are high thy- 
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roid iodine stores is not inconsistent 
with the histological finding of resting 
colloid. As the pathological reports in- 
dicate, the weight of the thyroid was 
increased in most cases, in some cases 
more than three times the normal. Since 
we have evidence that the gland is uni- 
formly enlarged in the majority of 
cases, the data at hand seem to indi- 
cate that the gland is operating at a 
lower than normal capacity but the 
capacity is sufficient to maintain an 
output which is clinically, biophy sically 
and biochemically w ithin normal range. 
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CONGENITAL absence of a main 
branch of the pulmonary artery has 
been the subject of recent reports in 
the literature®’. Prior to the advent of 
present radiologic and physiologic diag- 
nostic techniques, recognition of the 
anomaly depended upon postmortem 
examinations and on occasion, upon 
surgical explorations. Angiocardiog- 
raphy and correlated cardiopulmonary 
studies have demonstrated the prac- 
ticability of precise definition of vascu- 
lar and pulmonary abnormalities and 
indeed, the necessity for such studies 
in many patients presenting with pul- 
monary symptoms and unusual hilar 
shadows. 


Case Report.’ The patient was a 25-year- 
old male officer who was referred to this 
hospital because of hemoptysis. 

On 10 November 1953, the officer, while 
in the course of his usual routine, noted a 
tickling sensation in the throat and coughed 
up approximately one-half cupful of bright 
red blood. There were no other symptoms 
and it was noteworthy that the hemoptysis 
occurred during a period of relative inactivity. 
During the ensuing 48 hours the patient ex- 
perienced several episodes of a similar nature. 
He was then admitted to a local Naval Hos- 
pital where bronchoscopy revealed the pres- 
ence of fresh blood in the right main stem 
bronchus, but no site of the bleeding was 
identified. The officer continued to experience 
minor episodes of hemoptysis during the 


M.D., Capr. 


U. S. Naval Hospital, St. 


(MC) USN 
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Albans, New York) 


next few hospital days but these gradually 
disappeared and he was ambulated without 
incident. He was referred to this hospital 
for further study. The past medical history 
was significant. At the age of 9, the patient 
had an appendectomy which was attended 
by a pulmonary complication involving the 
right lung; a roentgenogram of the chest 
taken during that illness revealed an increas- 
ed density in the mid-portion of the right 
lung field with shifting of the mediastinum to 
the affected side. One month later the right 
diaphragm was angulated upward but was 
otherwise considered not remarkable. (These 
reports were obtained from hospital records; 
the films were not available to the authors. ) 
Following recovery no further symptoms oc- 
curred and the patient stated that he had 
considered himself quite well, having engaged 
in the usual sports and activities without 
limitations. At the age of 19, on the occasion 
of a routine physical examination, an abnor- 
mal chest roentgenogram (Fig. 1) was ob- 
tained. This was interpreted as revealing a 
shift of the mediastinal content to the right 
and a diminution of the volume and radio- 
opacity of the right lung. During the next 
7 years and to the onset of the present ill- 
ness the patient enjoyed good health. Re- 
peated chest roentgenograms during his Naval 
career demonstrated the deformity described 
above. 

On admission to the hospital, physical ex- 
amination revealed a well developed and 
rather muscular adult male. He appeared 
neither acutely nor chronically ill. The blood 
pressure was 136/70 and the weight was 175. 
Physical findings of interest included asym- 
metry of the thorax with evident decrease in 
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Fig. 1—Photograph of chest roentgenogram obtained at age 19 
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Fig. 2.—Conventional P-A projection of the chest obtained on admission to this hospital. 


( 674 ) 


w® wom 
’ 
og 
* ; 
A \ 


CONGENITAL ABSENCE OF 
the size and respiratory excursion of the right 
hemithorax. The trachea was deviated to the 
right. An impaired percussion note, sugges- 
tively increased tactile fremitus, but little 
change in the breath sounds were noted. 
The indicated routine laboratory studies 
were not remarkable. An electrocardiogram 
was normal demonstrating a semi-vertical elec- 
trical position and a prominent RS in leads V1 
and V2. Routine skin tests for tuberculosis and 
pathogenic fungi were negative. Conventional 
posterior-anterior (Fig. 2) and lateral roent- 
genograms revealed the right chest to be con- 
siderably smaller than the left, with elevation 
of the right diaphragm. There were stringy 
markings throughout the right lung field and 
considerable thickening of the pleura. The 
heart and mediastinal structures were mod- 
erately displaced to the right and the left 


TABLE 1. 


Maximum Breathing Capacity 
Vital Capacity 

Residual Volume 

Total Lung Volume 


Residual Vol./Tot. Lung Vol. x 100 . 
Index of Alveolar Mixing* 
Bronchospirometry Vit. Cap. . 


Min. Vent. 
O. Uptake 
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eral ventilatory function (Table 1) was 
the moderately reduced vital capacity, 
a finding in keeping with the limited ex- 
cursion of the right hemidiaphragm and 
the relative fixation of the right rib cage 
observed fluoroscopically. The maxi- 
mum breathing capacity was well per- 
formed in spite of this restriction. Lung 
volumetric relationships were within 
normal limits and the intrapulmonary 
mixing of respiratory gases was unim- 
paired. 

Bronchospirometry (Fig. 3) revealed 
a marked difference in the contribution 
of each lung to total funcion. Although 


VENTILATION AND LUNG VOLUMES 


146 Liters 
3.53 Liters 


96% of predicted 
73% of predicted 

.24 Liters 103% of predicted 

.77 Liters 79% of predicted 

26 (normally less than 30) 

1.01% Ne (normally less than 1.5%) 


Right Lung** — Left Lung** 


35 65 
43 57 
+ 96 


Concentration of nitrogen in alveolar air after the patient has breathed 100% 


oxygen for 7 minutes. 


on left. 


lung was unusually radiolucent with a small 
herniation of its upper lobe into the medias- 
tinum. Tomography revealed a well delineated 
shadow in the position of the left pulmo- 
nary artery but did not reveal a similar shadow 
on the right. 

At bronchoscopy, the trachea and carina 
were found to be deviated considerably to 
the right but no other abnormalities were 
noted. Bronchial washings were reported to 
be negative for malignant cells and, by cul- 
ture, for acid-fast bacilli. Lipiodol bron- 
chography demonstrated complete filling of all 
segments of the right lung but the bronchi 
so delineated were in unusually close prox- 
imity, suggesting generalized contraction of 
the right lung. 


PULMONARY VENTILATORY STUDIES AND 
CARDIAC CATHETERIZATION. The only ab- 
normal value among the tests of bilat- 


Per cent of total contributed by right or left lung. Normally 55% on right, 45% 


approximately 43% of ventilation at rest 
was performed on the right, only a neg- 
ligible quantity of oxygen was taken up 
by this lung even when the patient was 
made to breathe 100% oxygen. Since 
oxygen uptake is related to volume flow 
of blood, it was concluded that virtually 
none of the patient's pulmonary artery 
stream was directed to the right lung. 

In order to verify this impression, ar- 
terial puncture was performed. If the 
entire cardiac output were indeed flow- 
ing through the left lung, oxygenation 
of peripheral arterial blood should be 
normal, as it is following uncomplicated 
pneumonectomy. If, on the other hand, 
a significant proportion of the output 
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were directed to the right lung, defec- 
tive oxygenation of periphe ral arterial 
blood shesid result, for, as demonstrat- 
ed bronchospirometrically, such blood 
would not take up oxygen. For ex- 
ample, one might postulate flow to be 
distributed between the 2 lungs as was 
ventilation (43% on the right, 57% on 
the left). Assuming a 96% saturation of 


SIEBENS, 


WILLIAMS: 


19.20). The evidence that blood flow 
through the right lung was minimal or 
totally absent was, therefore, convinc- 
ing. 

It was reasoned that such obstruction 
could be either structural or functional. 
Absence or stenosis of the right pul- 
monary artery can be cited as structur- 
al causes whereas sufficie ntly increased 


Fig. 3.—Bronchospirometric record of ventilation and oxygen consumption with the patient at 


rest. Upper tracing, is that of the left lung, lower tracing of the right lung. 
recording is a measure of oxygen consumption. 
ventilated, it takes up almost no oxygen. 


left pulmonary venous blood and a 76% 
saturation of mixed venous (or, in this 
patient, right pulmonary venous ) blood, 
the resultant mixture should have a sat- 
uration of (96 * 57) + (76 x 43) or 
87%. Brachial artery blood was actually 
found to be 95.3% saturated at rest on 
one occasion (content 18.39 vols. %, 

capacity 19.29 vols. %) and 95.7% on 
another (content 18.38 vols. %, capacity 


The slope of each 
right lung is well 
in minutes. 


Note that although the 
Horizontal axis is time 


vascular resistance in the parenchyma 
could conceivably result in a similar 
block in the absence of a primary an- 
atomic deformity. In order to test the 
patency of the right pulmonary artery 
and to measure pressures in the pa- 
tient’s lesser circulation, right heart 
catheterization was performed (Table 
2). Numerous attempts at passing the 
catheter into the right artery were un- 
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successful. It was concluded, therefore, 
that the orifice of the right pulmonary 
artery was probably narrower than the 
catheter tip (No. 8) and that the vir- 
tual absence of flow on the right could 
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presumably be ascribed to a structural 
defect. 

Pulmonary artery pressures were 
ninimally elevated (Table 2), a find- 
ing in keeping with what has been re- 


Fig. 4.—Angiocardiogram. Frontal projection, demonstrating absence of the right 
pulmonary artery. 


TABLE 2.—GAS EXCHANGE AND PULMONARY HEMODYNAMIC DATA 


Arterial Mixed Venous A-V 


0. Pulm. Blood 
O. Content O. Content Difference Consumption Flow 
Vols. Vols. Vols. ce./min, L./min. 
18.38 14.62 3.76 302 8.03 
Body Saturation Pulm. Art. Pressure 
Surface mm. Hg. 
Area Cardiac Arterial Venous 
m Index Per Cent Per Cent R. Q. Syst. Diast. Mean 
1.94 4.14 95.7 76.1 76 35 14 22 
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corded in patients with pneumonec- 
tomies* or large bilateral pulmonary re- 
sections®. 

ANGIOCARDIOGRAPHY. (This procedure 
was performed by I. Steinberg, M.D., 
at the New York Hospital, New York, 
New York). Angiocardiography in the 
frontal projection (Fig. 4) demonstrat- 
ed complete absence of right pulmo- 
nary artery flow. The main “pulmonary 
artery continued as a single trunk into 
the left lung. Sivibensoes with opaci- 
fication of the aorta, at about 7 seconds, 
and thereafter, there appeared faint 
opacification of a fine network of ves- 
sels in the right lung, interpreted as a 
demonstration of bronchial artery cir- 
culation in the right lung. 

Comment. This case was thought to 
be worthwhile presenting, both be- 
cause the anomaly is an unusual one 
and because the usefulness of physio- 
logic and roentgenographic techniques 
in establishing the diagnosis clinically 
is illustrated. Inasmuch as reviews of 
the literature are included in recent 
publications®®, discussion will be lim- 
ited to a few points. 

Absence of the right pulmonary ar- 
tery was first suspected during exami- 
nation of a routine chest roentgenogram 
taken because the patient complained 
of hemoptysis. Particularly suggestive 
were the reduced size of the right lung 
and hemithorax, the abnormal hilar 
shadow, and the increased radiolucency 
of the left lung with herniation through 
the mediastinum. Similar findings were 
characteristic of cases reported by 
others®®, and have been proposed as 
being pathognomonic of the anomaly. 


SIEBENS, WILLIAMS: 


The cause of hemoptysis, a common 
complaint among such patients, was not 
established. Enlargement of the bron- 
chial arteries has been produced in 
dogs by ligating a main branch of the 
pulmonary artery” and has been re- 
ported in patients with diminished pul- 
monary artery flows, as in pulmonic 
stenosis! or congenital absence of the 
pulmonary artery’. Rupture of an 
atherosclerotic bronchial vessel was es- 
tablished as the cause of death in one 
patient so afflicted*. Although attempts 
at measuring bronchial artery flows 
have been made® in one patient with 
congenital absence of the right pul- 
monary artery, satisfying the steady 
state requirements for applying the 
Fick principle’ appeared to be so diffi- 


‘cult under the conditions described as 


to raise doubts concerning the high 
flows calculated. Nevertheless, the doc- 
umented changes in the anatomy of the 
bronchial vasculature would seem to 
offer a reasonable basis for hemorrhages 
such as this patient experienced. Were 
these to become severe, pneumonec- 
tomy would be indicated. 

It should be noted that this condi- 
tion is compatible with considerable 
longevity, one patient having been re- 
ported livi ing at the age of 56. 

Summary. An instance of congenital 
absence of a main branch of the pul- 
monary artery has been described. Per- 
tinent radiographic findings have been 
stressed as diagnostic criteria. The use 
of cardiopulmonary and angiocardio- 
graphic studies in demonstrating the 
physiologic and anatomic defect has 
been illustrated. 
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EVEN a cursory inspection of the tended as a summary of all investiga- 


biological and me sdical literature of the 
day reveals a preoccupation with prob- 
lems of a genetic nature. This may be 
due to the lesse ning pressure on re- 
search workers for solution to the mys- 
teries of infections and nutritional dis- 
eases, but it is also certainly due in 
part to the refinement of the techniques 
and methods available to study bio- 
chemical and physiological processes in 
organisms of m: iny types. Asa result, 
the availability of knowledge concern- 
ing met tabolism has meant that ap- 
proaches to hitherto unassailable prob- 
lems have suggested themselves, and 
the nature of the action of genes is 
being elucidated especially in bacteria, 
fungi, and to some extent in mammals 
including humans?! 

The purpose of this paper is to re- 
view some current concepts of genetics 
as they relate to humans. It is not in- 
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tions into the nature of inheritance but 
examples will be chosen which seem 
illustrative. 

In the 50 years since the rediscovery 
of Mendel’s work a considerable body 
of information has accumulated per- 
taining to the inherited variability of 
human beings. In general, these studies 
have taken the followi ing directions: 1 ) 
The analysis of pedigrees. to determine 
the mode of inheritance of traits or dis- 
euse characteristics; 2) the epidemio- 
logical approach including statistical 
analysis of family data, twins, linkage 
studies, population genetics including 
gene frequencies and mutation rates, 
differential fertility and the effects of 
natural selection; 3) cytogenetics in- 
cluding chromosome patterns and aber- 
rations, (though this area has been 
little studied); and 4) biochemical 
genetics in which apparently inherited 
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conditions have been studied from the 
metabolic viewpoint with an eye to de- 
termining insofar as possible the mech- 
anism of action of mutant genes. 

To consider all these areas would be 
well beyond the limits of a review such 
as this. Those aspects of greatest in- 
terest, notably the contributions in the 
field of inherited metabolic aberrations, 
will be stressed. 

GENE ACTION. Many of the perennial 
questions await final answers. We do 
not know the nature of genes, how they 
reproduce, and what ‘they do. The 

early conception of genes and gene ac- 
tion was a mochanletie one. Genes were 
particles strung along a chromosome 
like beads, and each one was thought to 
control some morphological character- 
istic. It was Bateson who first appreci- 
ated the possible relationships between 
genetic units and the chemical “fer- 
ments” which then interested biochem- 
ists®. Sir Archibald Garrod was a friend 
of Bateson, and together they applied 
the then newly rediscovered principles 
of Mendel to some diseases among hu- 
mans, which were of a biochemical na- 
ture*?. This early work of Garrod’s led 
further investigations into the na- 
ture and inheritance of a number of 
afflictions, culminating in his enuncia- 
tion of two principles which are still 
valid**. The first was that the gene re- 
sponsible for the characteristics that he 
studied operated through the failure 
of some specific enzy matically con- 
trolled step in an otherwise normal 
chemical process, causing the accumu- 
lation of the intermediate metabolite 
just preceding that step. The second 
thesis was an extension of the first, and 
suggested that all genetic variation be- 
tween individuals had a chemical basis, 
and that just as individuals vary in 
their heritable physical characteristics 
so also might they vary in their bio- 
chemical constitution. 
Much of this was, by necessity, sup- 
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position; but in the meantime work was 
being carried out which gave body and 
substance to the conception that genes 
operated by chemical means. This was 
the work of Onslow, Bassett, Scott- 
Moncrieff, Haldane and others®**:®, on 
the relationships of specific genes to 
the chemical structure of flower pig- 
ments. These substances are phenolic 
compounds, flavones and anthocyanins 
bound to glycoside residues. By means 
of appropriate breeding experiments it 
became apparent that single gene sub- 
stitutions governed the color of the 
flower petals, and that color changes 
produced by such gene substitutions 
were determined by the state of oxida- 
tion, and methylation of the side phe- 
nolic ring, the position and type of the 
glycoside, and the pH of the cell sap. 
These chemical effects were inherited 
as Mendelian characters, and in addi- 
tion it could be shown that there was 
a definite dosage effect depending upon 
whether one or two genes were present 
at a particular locus on one or both 
chromosomes. Thus for the first time 
it became clear that the function of a 
given gene was to control a unit bio- 
chemical process. 

Following these observations there 
were many “who were attracted by this 
lrypothesis. Beadle and Tatum, work- 
ing with a series of mutants of neuro- 
spora, each of which was unable to 
perform a particular step in a particular 
synthetic process, suggested that the 
function of each gene was to control 
an enzymatic step, possibly by being 
instrumental in the synthesis of the en- 
zyme itself*-*. This they called the one 
gene-one enzyme hypothesis. Since 
then the relationship between genes 
and enzymes has been repeatedly dem- 
onstrated in a very wide variety of 
organisms'™-*5:68.96.102, Qut of this work 
has come a number a new concepts of 
the nature of genes and their action. 
Among the most challenging of them is 
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the concept that despite the general 
randomness of the location of genes 
with respect to function, nevertheless, a 
section of a chromosome may carry out 
a sequence of related functions*®, Mu- 
tations and their manifestations may 
be then, a consequence of chromosomal 
rearrangements; namely, chromosome 
breaks, ‘Geletions. tr anslocations and the 
like, the alterations in function -being 
due to the new relationships within the 
chromosomes caused by the rearrange- 
ment. Evidence in favor of this has 
been given by Pontecorvo®®’ and 

Roper®*. The latter has reported on 
three closely linked genes, that is, lying 
very closely together in the same 
chromosome, all concerned with con- 
secutive steps in the synthesis of biotin. 
This is akin to the Rh system of alleles 
which accor ding to one conception con- 
sists of three or possibly four®’ pairs of 
closely linked genes having related ef- 
fects. It is interesting that the only 
suggested aberration in 
i so far reported is a possible 
chromosomal deletion involvi ‘ing this 
system”?, 

Something is now known of the na- 
ture of the genic or the chromosomal 
substance. It seems clear from the work 
of Mirsky that the chromosomes are 
made up of desoxyribo-nucleic acid, 
that the DNA is constant in amount in 
all cells regardless of type, but varies 
precisely according to the chromosome 
number, and that. it is bound to pro- 
tein™, That this is the material which 
is the gene substance is very strongly 
suggested by the work of Griffith, 
Av ery, McCarty and others who have 
been able to transform a nonencz apsu- 
lated pneumococcus into a ‘apsulated 
form by growing the former in media 
to which was added desoxyribo-nucleic 
acid obtained from capsulated strains. 
Such an induced characteristic becomes 
heritable and is passed on to subse- 
quent generations***:°, More recently 
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Hotchkiss has shown that the heritable 
trait of penicillin resistance in pneu- 
mococci may be transferred by the 
same means®®. Thus the atomistic con- 
ception of genes may need some re- 
vision, but we may still think of the 
gene substance as controlling unit 
chemical processes, probably by medi- 
ating the design, formation, and effi- 
ciency of enzymes, and Beadle’s one 
gene-one enzyme theory remains an 
excellent working hy pothesis, whether 
we deal with sitiile or humans. 

The question is, how does this kind 
of reasoning apply in humans? We 
know very little about the chemical 
abnormalities involved in morphologi- 
cal developmental defects, many of 
which seem to be genetically deter- 
mined. Neither do we know much 
about the functioning of the numerous 
genes involved in the variation of nor- 
mals: Stature, inte ligence, pigmenta- 
tion, resistance to disease and the like. 
These functions are doubtless the end 
results of the effects of very numerous 
genes acting in numberless different 
ways, and are therefore very difficult 
to appr oach. What is needed, and what 
in fact interests the medical investigator 
most, are very discrete, clear-cut devia- 
tions from the norm, such that the af- 
flicted individual stands out so conspic- 
uously that a reasonable approach to 
his departure may be devised. It seems 
clear, that for some time this type of 
genetic deviation will be all that we 
will be able to study, though the time 
may come when wheat we “consider to 
be normal continuous variables will be 
amenable to chemical study, and we 
may be able to characterize the chemi- 

al constitution of the individual in 
genetic terms. At the moment the oc- 
currence of several blood groups, the 
ability to taste phenyl thiourea, and 
the excretion of beta-amino-isobutyric 
acid in the urine, are the only known 
normal characteristics which are ap- 
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parently controlled by single gene sub- 
stitutions and which are detected by 
chemical or immunologic means. But 
even though these traits may repre- 
sent real polymorphisms in human pop- 
ulations they are still subject to quanti- 
tative variation, caused most likely by 
the other genes as well as by the ex- 
ternal environment. In a recent study 
of some aspects of the Duffy blood 
group, Race, Sanger and Lehane show- 
ed that not only was the agglutina- 
tion of Duffy-positive cells stronger 
when the individual was homozygous 
than heterozygous, but there was con- 
siderable variation in the strength of 
the antigens among both homozygotes 
and heterozygotes**®. In the case of the 
ability to taste phenyl thiourea, Harris 
and Kalmus showed that though this 
represents a genuine dimorphism it is 
really a continuous variant, as there 
are about 5% of individuals who cannot 
be classified as taster or non-taster®*. 
The renal excretion of beta-amino- 
isobutyric acid appears also to be .a 
ge netically controlled dimorphism. This 
aula: ance, first discovered by Crumpler, 
Dent, Harris, and Westall®®, appears 
in the urine in large amount in approxi- 
mately 10% of persons tested in the 
United Kingdom. Paper chromotog- 
raphy reveals that most people excrete 
very small amounts, so here again we 
have a distribution which may be con- 
tinuous but bimodal. Recently Harris, 
testing a number of families, has indi- 


cated that this capacity is probably in- . 


herited recessively®*. Thus in the case 
ot most normal variation, we are beset 
by the problem of variants which fall 
into distributions which are continuous. 
Under these conditions it is difficult, if 
not impossible, to detect the expression 
of the many single g yenes involved. 
This problem is =. important in the 
case of the genetically determined dis- 
eases and we may now turn to an ex- 
amination of some of these to see what 
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is known about the modes of inheri- 
tance and gene action in some ex- 
amples. 

Since Garrod’s work on alkaptonuria, 
cystinuria, pentosuria, and albinism, 
many new inborn errors of metabolism 
have been described. It might be of 
interest to consider whether Garrod’s 
definition of inborn errors still holds. 

PHENYLKETONURIA. One of the most 
thoroughly studied conditions from 
both the genetic and biochemical view- 
points is phenylketonuria. In this dis- 
ease there is blockage of an enzyme 
step, with the accumulation of pre- 
cursors. The principal defect is appar- 
ently the inability to convert phenylala- 
nine to tyrosine. As a result, phenylala- 
nine is found in inordinate amount in 
blood and urine. In addition a number 
of substances which are products of the 
metabolism of phenylalanine are ex- 
creted; phenylpyruvic, phenyllactic and 
phenylacetic acid this latter often con- 
jugated with glutamine’!*. Recently 
Boscott and Bickel]!® have found a num- 
ber of other substances in the urine. 
They found p-hydroxyphenyllactic and 
p-hydroxyphenylacetic acids as well as 
a number of orthohydroxyphenyl com- 
pounds. It is their suggestion that the 
ortho-hydroxy compounds represent an 
alternative pathway for the metabolism 
of phenylalanine through ortho-hydroxy 
phenylalanine, an analogue of tyrosine. 
The suggestion that the defect was fail- 
ure of the enzymatic conversion of 
phenylalanine to tyrosine is due to 
Jervis®*. He has recently given new evi- 
dence in favor of this view®*. Using a 
method devised by Udenfriend and 
Cooper’®’, who detected an enzyme in 
rat liver which would convert phenylal- 
anine to tyrosine, Jervis was able to 
show that the livers of normal individ- 
uals performed such a function, while 
those of phenylketonurics ‘did not. A 
possible criticism of the work, however, 
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is that the livers used were taken after 
death. 

The cause of the mental defect is not 
known, though it has been repeatedly 
suggested that the accumulated phenyl- 
alanine or its products may be toxic to 
the brain. The case studied by Cowie2? 
is suggestive. In this case only about 
500 mg. of phenylpyruvic acid were ex- 
crete ey per day, approximately one-half 
the amount usually found in affected 
individuals. The mentality of this pa- 
tient was higher than most, aver raging 
94 on several tests, though the Binet 
was 76. In addition the patient had 
dark hair and swarthy skin. 

A new slant on the pigmentary de- 
fect has been given by Dancis and 

Balis*! who present evidence that the 
presence of the accumulated pheny]l- 
alanine interferes with the enzymatic 
oxidation of tyrosine to melanin by 
tyrosinase. This work was done by in 
vitro testing of the inhibitory effects 
of various amounts of phenylalanine 
on tyrosinase. 

Thus we appear to have a true met- 
abolic block allowing the accumula- 
tion of metabolites which are normally 
present but in the intact organism are 
rapidly metabolized, or are present in 
too small quantity to be detectable. 
Their presence, however, influences the 
function of several organ systems in a 
deleterious way, causing defects which 
on the surface seem not to be related. 
In genetical parlance a mutant gene 
responsible for several, apparently un- 
related effects is termed a pleiotropic 
gene. This kind of explanation for 
pleiotropism is most laudable and 
much needed. 

Genetically the condition has been 
well studied, and as in so many of the 
severely incapacitating genetically de- 
termined conditions, the gene expresses 
itself as a recessive*®. It appears in one 
generation only and parents are usually 
normal. To date it may be termed per- 
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fectly recessive, since the heterozygote 
manifests no abnormality. This is true 
of many recessives, but in some cases 
the effect of the gene is detectable in 
the heterozygous state also. It is 
usually a trivial effect and not likely 
to bring the patient to the attention of 
the phy. sician. It seems likely that all 
genes have some effect which ‘would be 
demonstrable if one but had a method 
to detect it. Probably, as time passes 
and the effects of recessive genes be- 
come detectable in the heterozygotes, 
the words dominant and recessive will 
be little used and we will think more 
in terms of manifestations in homozy- 
gote and heterozygote. Certainly to be 
able to detect the presence and effects 
of a gene in more than one generation 
is the best means to be certain that a 
disease is indeed inherited in a partic- 
ular family. 

An important means of establishing 
inheritance in rare recessive conditions 
is the presence of a significant inci- 
dence of consanguineous matings 
among parents. This feature is well 
established in phenylketonuria. Mun- 
ro‘’, studying data on 47 families con- 
taining at least one phenylketonuric, 
found 5 first-cousin marriages or an 
incidence of about 11%. In general, 
when the frequency of a disease and 
therefore, of a gene is very low, we are 
more likely to find the homozy gotes as 
offspring of related individuals. Thus 
the incidence of consanguineous mat- 
ings among parents of affected offspring 
is inversely proportional to the fre- 
quency of ‘the gene, but depends also 
upon the amount of consanguineous 
mating of the population. There are 
very few estimates of the incidence of 
first-cousin marriage in the United 
States*®, but the incidence must be 
very low. Therefore we might expect 
the consanguinity rate in rare disease 
here to be lower than in European 
countries or Japan, where first-cousin 
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marriages are somewhat commoner. In 
any case it is a question worth asking 
because it helps materially in establish- 
ing inheritance in conditions which ap- 
pear superficially to be recessively 
inherited. 

Thus phenylketonuria is an inborn 
error of metabolism, found in individ- 
uals homozygous for a gene that has 
to date been considered a perfectly re- 
cessive gene and showing a high con- 
sanguinity rate. 

ADRENAL DISEASE. The adrenogenital 
syndrome is a problem commanding a 
good deal of interest at the present 
time in pediatrics'’’, and there is evi- 
dence indicating that in most cases 
there is a metabolic block interfering 
with the synthesis of the adrenal corti- 
coids'®. As described by Wilkins, the 
condition may be caused by hyper- 
plasia of the adrenal cortex, or by 
tumor, but the vast majority are of the 
former type, and it will be with these 
only that this review is concerned. The 
manifestations depend on the age of 
onset, some cases being congenital, 
some appearing after birth. In all cases 
there is virilism and increased protein 
anabolism due to excessive secretion 
of androgens. Some patients show evi- 
dence of other adrenal dysfunctions, 
however, some having a tendency to 
losses of sodium and elevation of serum 
K, which may cause death early in life. 
A few have hy pertension, and occasion- 
ally some show hypoglycemia. In fe- 
males, when the onset of the disease 
is early in fetal life, there is pseudo- 
herm: :phrodism. Bartter and coworkers® 
suggested that the defect in this condi- 
tion might be a block in the synthesis 
of compound F. This defect would 
stimulate the secretion of large amounts 
of adrenocorticotropic hormone which 
would in turn stimulate the production 
of other adrenal steroids, leading to ex- 
cessive virilization. ACTH levels have 
been shown to be high'', and blood 
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corticoids low'®. Bongicvanni’® has 
shown that the most consistent finding 
in these patients is the presence of preg- 
nantriol in the urine and that this sub- 
stance may be elevated even when the 
17-ketosteroids are not markedly elevat- 
ed. Hechter and co-workers*® have sug- 
gested that compound F is synthesized 
from cholesterol and the last step is 
the conversion of 17-hydroxy progester- 
one to 17-hydroxy corticosterone or 
compound F. Pregnantriol is probably 
a metabolite of 17-OH progesterone 
and is found in small quantity in nor- 
mals, but in large quantity in the 
adrenogenital syndrome because of the 
block'®. Thus in this case, a metabolite 
of the precursor immediately prior to 
the block is accumulated, rather than 
the precursor itself. It is interesting 
that the organism has the adaptability 
to metabolize an intermediate present 
normally in only very small quantity, 
thus rendering harmless or excretable 
by an alternative pathway, a substance 
which otherwise might be harmful or 
difficult to excrete. It seems clear in 
this instance that the disease we rec- 
ognize is due, not to the failure of con- 
version of 17-OH progesterone to com- 
pound F, since the process does in fact 
take place sufficiently to maintain life 
in most cases, but to the over-stimula- 
tion of the adrenals by the pituitary, 
causing the secretion of an excess of 
androgen, with the attending virilism. 
The suggestion that the phenotype is 
due to a by-product of the defect rather 
than the defect itself seems to rest 
on firmer ground in this case than in 
phenylketonuria. It is of interest that 
substitution therapy using cortisone re- 
verses the deleterious effects com- 
pletely’. 

The genetics of this disease, on the 
other hand, has not been definitively 
analyzed. The disease has long been 
known to be familial and has not been 
reported in more than one generation. 
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Bentinck, Hinman, Lisser and Traut!” 
have recently reviewed the literature 
on this aspect and suggest that the con- 
dition might be determined by a reces- 
sive gene. On the other hand, there 
are reports of the condition in first 
cousins’®, which in the case of a rare 
disease would be difficult to explain on 
the recessive hypothesis unless the par- 
ents were related. They are very 
few data available on consanguinity. 
Bentinck et al.!2 found in the literature 
two families in seven on whom the 
information was available in which the 
parents were first cousins. This is cer- 
tainly a high proportion. 

In general the criticisms of genetic 
information obtained from literature re- 
ports are two. 1) One can seldom be 
absolutely certain of uniformity in diag- 
nosis. Diagnostic criteria change, ond 
groups of cases are constantly being 
segregated from parent groups as new 
techniques become available to increase 
diagnostic acuity. Thus the diagnosis in 
all “the cases being considered in a 
genetic study should be rigidly uniform. 
2) In the analysis of genetic data, un- 
witting biases in the selection of cases 
is always a complicating problem. If 
the cases are taken from the literature, 
then one never knows the circum- 
stances of their original selection, and 
in addition only certain cases, often 
the most dramatic ones, are reported. 
These problems have recently been re- 
viewed in a sy mposium of geneticists 
under the auspices of the National In- 
stitutes of Health and the American 
Cancer Society®". 

Thus, though the disease is almost 
certainly inherited and probably reces- 
sively, the definitive evidence jis lack- 
ing, nor is there any evidence’ bearing 
on the question of whether or not the 
gene has some action in the heterozy- 
gote. One approach might be to stimu- 
late the presumably heterozygous par- 
ents with ACTH to see whether this 
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might cause an abnormally increased 
excretion of pregnantriol. ‘One might 
expect this increase to be less than that 
found among homozygotes, indicating 
a genetic dosage effect. If this or similar 
evidence were available, it would put 
the genetic hypothesis on firmer 
ground. In addition, the fact that some 
sibships contain “salt losers” and others 
do not, suggests a heterogeneity which 
might be genetic. Current ideas on the 
nature of gene mutation suggest that 
whenever a gene mutates, its specificity 
change is quantitative only, and not 
qualitative. To date, very few examples 
are known of genes in any organism 
exhibiting a change of function to one 
which is entirely alien. The mutant may 
do less, or it may do more, and there 
may be a number of alleles varying 
one from the other in a series of quan- 
titative relationships. On the other 
hand, one must not reject the possi- 
bility that mutants with qualitatively 
altered specificity may exist; they might 
be lethal altogether, or it is possible 
that their new function is duplicated by 
some other gene, and they are inap- 
parent. But, until there is good evi- 
dence for this type of gene behavior, 
it is worth considering ‘the possibility 
of more than one mutant gene, each 
with its particular mode of action in 
cases of adrenal hyperplasia, or any 
other condition in which there are im- 
portant biochemical differences be- 
tween families. 

THYROID DISEASE. Another condition, 
recently which 
probably represents one or more in- 
born errors is congenital cretinism with 
goiter. These individuals appear hypo- 
thyroid from birth, and usually develop 
goiters after a variable number of 
years. Radioactive iodine uptake 
studies show normal or marked uptake 
compatible with hyperthyroidism, yet 
the patients are unmistakably hypo- 
thyroid. This test thus distinguishes 
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these patients from the ordinary 
sporadic cretin who shows little or no 
uptake. In some of the cases thyroxin 
is present in gland and blood®, while 
in others there is none, but protein- 
bound iodine is present. In one group 
of cases it could be shown that there 
was an organic iodide compound which 
was neither thyroxin nor diiodotyrosine. 
Wilkins'™ has suggested that the 
studies indicate that there is indeed 
an inborn error, but that the discrep- 
ancies might suggest that there are a 
number of defects at different points 
in the synthetic processes. 

The kinds of familial aggregations 
reported imply some genetic hetero- 
geneity. Most of the reports are either 
of a single case®? or of two or more 
cases in a sibship. The cases reported 
by McGirr and Hutchison” are cur- 
iously different. There was one family 
with four affected sibs, one case who 
was a cousin of these, as well as cousin 
to two half-sisters (same mother ). Thus 
there are three sibships, all cousins, one 
of which consisted of half-sisters. Con- 
sanguinity was not mentioned. If the 
supposed { gene were causing its effects 
only in the homozygote, an hypothesis 
suggested by the pedigrees of the other 
families, it would require all four 
spouses of the three related parents 
to be carriers of the gene. This could 
be, if all the unions were of related 
persons. If not, in such a rare condi- 
tion as this, the probability of such a 
random assortment would be fantasti- 
cally low. It may be then that the gene 
in this instance acts when heterozygous. 
In general it may be said that pheno- 
types caused by genes segregating in 
different modes are probably due to 
different genes. The biochemical heter- 
ogeneity ‘and genetic heterogeneity in 
these cases suggest that this may be so. 

DISORDERS OF CARBOHYDRATE METAB- 
oLisM. If genes do in fact control the syn- 
thesis or behavior of enzyme systems, 
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it is not much of a flight of fancy to 
imagine that any enzyme system might 
be affected by mutation of the gene or 
genes controlling its activity. Clearly, 
a major alteration or even any change 
in some enzymes would lead to death, 
or even failure of conception, and so 
doubtless many possible metabolic de- 
fects will never come to our attention. 

As has been mentioned, micro- 
biologists have produced strains of 
organisms containing mutant genes in- 
terfering with several consecutive steps 
in the synthesis or degradation of a par- 
ticular substance. It is interesting that 
in the human we have defects result- 
ing from mutants interfering with the 
synthesis and breakdown of glycogen. 
An examination of the various types of 
glycogen disease reveals a series of de- 
fects caused by failure of specific en- 
zyme systems involved in the synthesis 
and degradation of glycogen. These 
phenomena have been well reviewed 
by G. T. Cori, C. F. Cori, Andersen, 
and Najjar'*?°6.79, The different types 
of glycogen disease can be correlated 
with abnormalities in these processes. 
1) In one type, glucose-6-phosphatase 
activity is markedly reduced. This en- 
zyme is responsible for the formation 
of glucose from glucose-6-phosphatase 
which is in turn a product of the break- 
down of glycogen. It is therefore, nec- 
essary for the maintenance of normal 
levels of blood glucose. When this en- 
zyme is absent or diminished, glycogen 
accumulates in liver and kidney, and 
hypoglycemia is a consistent feature of 
the disease. It is interesting to note 
that liver and kidney are the only struc- 
tures in which this enzyme is found. In 
this type of the disease, the glycogen 
is structurally and otherwise normal. 
2) In a second type of the disease there 
is generalized deposition of normal gly- 
cogen in many tissues, most notably 
the heart, striated muscles, and liver, 
but involving also most of the other 
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tissues. In this condition there is no 
hypoglycemia or acidosis, and death 
is usually due to failure of the heart. 
Measurement of glucose-6-phosphatase 
reveals a normal complement of this 
enzyme and the glycogen structure is 
normal. Thus the enzyme defect is not 
known, but G. Cori has suggested that 
a moderate decrease in the breakdown 
of glycogen with normal formation 
would lendl to storage*®. She has sug- 
gested that a de fect in phosphahexo- 
isomerase, an enzyme responsible for 
the reversible conversion of glucose-6- 
phosphate to fructose-6-phosphate, 
might fulfill this hypothesis. 3) and 4) 
In the third and fourth types, clinical 
manifestations are much the same, that 
is, there is deposition of glycogen in 
liver, muscle, spleen and reticuloendo- 
_— system. This glycogen appears 

» be abnormal in some way in that 
ale it appears it produces a fi- 
brous response and in the liver it causes 
cirrhosis. Analysis of the structure of 
the glycogen in these cases by Illing- 
worth and Cori®! revealed that in one 
case the branch structure of the mole- 
cule was altered in the direction of 
very short outer branches. This sug- 
gested a defect of “debrancher” en- 
zyme (amylo-1-6-glucosidase), which 
is responsible for br eaking the 1-6 link- 
ages of glucose residues in glycogen. 
In another case the structure of the 
glycogen was again abnormal, having 
a branch structure similar to amylo- 
pectin, that is having very long outer 
chains, and fewer branches. The sug- 
gestion is that in this case there is a 
deficiency of “brancher” enzyme, or 
amylo (1,4-1,6) transglucosidase. This 
substance is responsible for converting 
1-4 linkages of glucose residues to 1-6 
linkages, thus forming the branches, 
and toge ther with phosphorylase which 
forms the 1-4 linkages, produces gly- 
cogen from glucose- is phosphate. 

Thus there are several probable en- 
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zyme defects in this group of condi- 
tions. These may not be all that exist, 
and study of new cases may well reveal 
others. 

It is certainly common to find more 
than one case in a sibship, and it is 
always the same type of disease. Each 
condition has therefore been consid- 
ered the result of a gene in the homo- 
zy gous state. There are no accounts of 
wild forms or partial expression sug- 
gesting action of a gene in the hetero- 
Since all of these condi- 
tions are very rare, consanguinity would 
be expected, and this has been men- 
tioned in a number of cases*®37197, In 
many reports it is not ntti’. 
It does seem likely that many if 
not all of these conditions are gen- 
etically determined, but it could easily 
be that some are not genetic in origin. 
it is well known that environmentally 
produced phenocopies mimic the effects 
of genes and it may, in the individual 
case, be impossible to differentiate. In 
the final analysis the ultimate proof of 
inheritance of a trait lies in appropriate 
breeding experiments. In humans, how- 
ever, we must rely on statistical analy- 
sis of large bodies of data, on consan- 
guinity, and expression of the gene in 
the presumptive heterozy gote. 

Another condition afte cting glycogen 
stores is galactosemia. In this condi- 
tion there is an inability to utilize galac- 
tose which accumulates in blood and 
urine. Hepatomegaly with cirrhosis and 
glycogen storage, mental defect and 
cataracts may result. Removal of milk 
from the diet causes the galactose to 
disappear from blood and urine, and 
any injuries which are reversible will 
disappear. The galactose tolerance test, 
however, which shows a high, pro- 
longed curve, remains abnormal, and 
may do so for many years'®*. The cir- 
rhosis, mental defect and cataracts may 
be the results of toxic effects of the 
accumulated galactose. The metabo- 
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lism of galactose has recently been 
clarified by Leloir and 
Galactose is converted to galactose-1- 
phosphate in the presence a ATP and 
galactokinase. The galactose-1-phos- 
phate then reacts with uridine diphos- 
phate glucose to produce uridine 
diphosphate galactose and glucose-1- 
phosphate, through the action of an 
appropriate enzyme. The uridine di- 
phosphate galactose is then converted 
to uridine diphosphate glucose in the 
presence of the enzyme waldenase. A 
breakdown in any one of these three 
steps might prevent the utilization of 
galactose, causing it to accumulate, and 
perhaps, as has been repeatedly sug- 
gested, act as a poison. Doubtlessly 
other mechanisms as yet unclarified 
could be involved. 

This condition is also familial, the 
distribution of cases suggesting the ap- 
pearance of manifestations of the dis- 
ease in homozygotes!*1!,69.85.103, There 
seems to be no information on con- 
sanguinity, and very little on effects of 
the presumptiv e gene in the heterozy- 
gote. There have been recent reports 
concerning amino aciduria in this dis- 
easel, Urine alpha-amino nitrogen 
showed two- to threefold increases after 
oral administration of galactose, and a 
variety of amino acids were found. This 
was taken as evidence of the toxic 
effects of galactose on the renal tubule. 
Tests of this sort done on the parents 
of two galactosemic patients showed 
no such increased excretion of alpha- 
amino nitrogen. Thus the gene shows 
no effects in the heterozygote. Galac- 
tose tolerance tests on possible heter- 
ozygotes might be interesting. 

An interesting derangement of car- 
bohydrate me ‘tabolism is shown by 
some cases of hypoglycemia reported 
by McQuarrie 
These were all individuals on whom 
the diagnosis of idiopathic hypogly- 
cemia was made only after all known 
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mechanisms were excluded by appro- 
priate testing. In general there were 
two types, those in whom there was 
periodic hypoglycemia accompanied by 
pallor, sweating, dizziness and convul- 
sions, and those whose hypoglycemia 
was constant, but who also had attacks 
of the above type. It was of interest 
that in two cases of the latter type, a 
brother and sister, sections of pancreas 
showed absence of the alpha cells in 
the islets of Langerhans. Treatment 
with ACTH was successful in both 
types. 

It has been suggested that the alpha 
cells of the pancreas secrete a hyper- 
glycemic factor, which has been shown 
to act as a hormone activating the 
phosphorylase system which is involved 
in the conversion 0. glycogen to glu- 
cose 1-phosphate’”. Presumably if the 
alpha cells are absent or reduced, there 
would be some difficulty in this reac- 
tion, due to the lack of hyperglycemic 
factor and hypoglycemia might result. 
Something along this line is “suggested 
to explain the group of cases showing 
absence of alpha cells. The other cases 
remain unsolved. Possibly a defect in 
phosphorylase might account for some. 

Many of these cases were familial? b 
and at first glance, the genetic mech- 
anism suggested would be a gene mani- 
festing itself in the homozygote. In one 
family, however, there were three sib- 
ships (all first cousins) and, as we 
have seen before, this is hard to rec- 
oncile with the homozygous hypothe- 
sis. Insulin sensitivity tests on par- 
ents revealed abnormalities in one 
parent. This suggests that the sus- 
pected gene manifests ‘itself in fact in 
the heterozygote, and for some reason 
the affected parent was only slightly 
affected. In another family in which 
only one sibship contained affected 
children, one parent was again found 
to have an increased sensitivity to in- 
sulin. Thus the suggestion is made that 


= 


690 PROGRESS OF 
the condition is the result of a mutant 
gene expressing itself variably in the 
heterozy gous state, although equally 
likely is the hypothesis of a gene expres- 
sing itself partially in the heterozygote 
and fully in the homozygote. 

This kind of variability of expression 
of dominant genes within families is a 
common phenomenon. These are the 
conditions which commonly “skip a 
generation” or two, and in which there 
are likely to be wide variations’ in ex- 
“eeu within sibships. This is per- 

haps not surprising, since the effects of 

any gene may be modified by the geno- 
typic environment in which it ‘Snds 
itself. Different genotypes would then 
have different modifying actions upon 
the effects of genes, enhancing some- 
times, suppressing in others. It hes been 
suggested that natural selection, in its 
effort to limit wide variability, will 
choose those genotypes whose modify- 
ing effects on deleterious genes are 
favorable*®. This might mean _ that 
genes which had a deleterious effect 
in the heterozygote would become sup- 
pressed in time and come ultimately 
only to manifest in the homozygote. 
This subject has been much argued by 
geneticists and may not yet ty solved, 
‘ wut it is certainly true that genes which 
can produce obvious effects in the het- 
erozygote vary more widely in their 
expression than those whose effects are 
readily apparent only in the homozy- 
gote. 

In the case of the hypoglycemias, it 
must not be lost sight of that the genes 
causing the two clinice il types may be 
entirely different and that some of the 
sporadic cases might not really be 
genetically determined at all. 

If genes control enzymes, the eluci- 
dation of mechanisms would be made 
much easier if one could measure the 
enzyme involved. This we may do in 
some of the cases of glycogen disease, 
but seldom in other types of disease. A 


MEDICAL 


SCIENCE 


recent report, however, of a new type 
of rickets indicates that the etiology 
of the condition may consist of defi- 
ciency of alkaline phosphatase in all 
the tissues®®. These children have in- 
tractable en and premature shed- 
ding of the teeth. The serum calcium 
and phosphate are normal; the alkaiine 
phosphatase is extremely low. Treat- 
ment of the rickets was unavailing. Sev- 
eral cases were reported from five sib- 
ships. In two families, when serum al- 
kaline phosphatase was measured on 
both parents, these values were ab- 
normally low. In one family in which 
both parents were tested only one par- 
ent showed a low value. In one family 
only the mother was tested and she 
showed a low value, and in one family 
neither were tested. These observations 
do indeed suggest the action of a mu- 
tant gene having the effect in the heter- 
ozygote of reducing the alkaline phos- 
phatase in the tissues, and in the 
homozygote of altering bone growth 
and dental development as well. 

What, precisely the effects of mutant 
genes on their enzymes might be is not 
known with any certainty. In general 
the specificity of the mutant gene will 
be the same as normal alleles, but it 
may produce alterations of a physico- 
chemical nature in the enzyme which 
alters its behavior. It has been suggest- 
ed that such enzymes might have re- 
duced half-lives he come more 
readily denatured, or become inacti- 

vated by minor env taaaial changes 
which would not alter the normal en- 
zyme**, Comparative studies of the en- 
zymes of mutant and wild type organ- 
isms are being carried out to date ct 
differences of phy sical or chemical na- 
ture. In the case of one mutant, a par- 
ticular enzyme appeared to be lacking 
in intact cells, but appeared in eubracies 
of the same cells!°’. In the case of the 
above mentioned disease it might be 
possible to test the alkaline phospha- 
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tase of the affected individuals to see 
how the enzyme itself compared in its 
properties w ith that obtained from nor- 
mals. 

All the conditions so far discussed 
have appeared to represent metabolic 
er in synthetic or degradation proc- 
esses, or to involve directly some en- 
zyme sy tte thereby fulfilling, with 
modifications, the criteria of gene-en- 
zyme relationships suggested by Gar- 
rod, and Beadle and Tatum. There are 
many other diseases and defects in 
which the mechanism is not so clear, 
though one might suppose that they are 
ultimately enzyme defects. This is a 
common situation in genetics, and often 
we find that we only know of the pres- 
ence of genes by effects which are 
many steps removed from their imme- 
diate effects, whatever they may be. 
Thus, in such instances we must ex- 
press the mechanism as we understand 
it, and this may not be in terms of 
enzyme blocks. 

FAMILIAL JAUNDICE. Crigler and Naj- 
jar*® have reported on a new syndrome 
which they have called “familial non- 
hemolytic jaundice with kernicterus.” 
In this condition, the affected infant 
becomes deeply jaundiced immediately 
after birth and remains so throughout 
his life. Seven out of eight reported 
cases showed neurological changes in- 
distinguishable from kernicterus, and 
all of these died after a few months of 
lite. One child only of this group re- 
mains alive and while normal in every 
other way, he is, at the age of 4 years, 
still dee ply icteric. None of the usual 
causes of jaundice could be incrimin- 
ated. There was no obstruction, no 
liver disease, no increased hemolysis, 
and all studies gave normal results, ex- 
cept the bilirubin tolerance test which 
showed abnormal retention. Serum 
bilirubin levels in all cases were found 
to vary between 15 and 40 mg. per 100 
ce. though there was not much day to 


day variation in any one case. Urobilin 
excretion was normal. Extensive an- 
alysis of the properties of the bilirubin 
obtained from these cases and com- 
parison with bilirubin from other types 
of jaundice revealed that the pigment 
itself was in no way different or al- 
tered*’:*!, The authors’ suggestion was 
that the only physiological abnormality 
was in the inability of the liver to se- 
crete bilirubin except in the presence 
of very high levels. This is then a 
threshold phenomenon, and the liver 
cannot perform this particular function 
until a threshold much higher than 
normal is reached. This is one way of 
looking at phy siological jaundice of the 
newborn, and in this sense, these cases 
may be looked upon as developmental 
failures, who have preserved the infan- 
tile mechanism for the secretion of 
bilirubin. 

Genetically the problem is most in- 
teresting. All of the parents of the three 
families involved were related to one 
another, and all stemmed from a single 
couple five generations previously. 
There has not been much movement 
out of or into the area in which they 
live, and they form, therefore, a sort 
ot genetic isolate. There is a good deal 
of consanguineous mating, and given a 
rare gene which manifests in the homo- 
zygote, the milieu is ideal for its emer- 
gence. Thus it seems at least most 
likely that this is a genetically deter- 
mined defect and that it manifests in 
the homozygote. It seems, as yet, to 
be perfectly recessive, since serum 
bilirubin levels and excretion tests on 
a number of parents were negative. 
The condition is evidently rare, and has 
;0t been previously reported, behaving 
in a number of particulars differently 
from the type of previously reported 
familial nonhemolytic jaundice”. 

There are other examples of mutants 
which are extremely rare and appear to 
be limited to a single family. Most 
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notable are the “private” red blood cell 
antigens named Levay, Graydon, and 
Dobbins, found only among members 
of the Comnflies of those names . Appar- 
ently the mutation is in some way an 
cxtremely rare and unusual one, with 
a very low rate of occurrence. The 
problem of mutation frequencies is a 
very knotty one, especially in humans. 
In Drosophila and other organisms in 
which direct methods can be _ used, 
mutation rates are seldom more fre- 
quent than 1 per 50,000 gametes, and 
are often much less frequent. In hu- 
mans the problem is very difficult and 
the methods for calculation based upon 
many assumptions. In gener ral it is 
probable that mutation rates in hu- 
mans are no higher than other organ- 
isms, me in some instances it might 
be so**:5?:57, This being so, the genetic 
material of reproducing organisms ex- 
hibits an awesome stability. If muta- 
tion rates humans are no greater 
than in other organisms, one wonders 
how genes which are so seriously inca- 
pacitating establish themselves in rela- 
tively large numbers in the population. 
One answer which is by no means 
proven, but which must be recognized, 
is that, paradoxically, genes which in 
the homozygote are deleterious, in the 
heterozygous state may actually con- 
tribute favorably to the reproductive 
fitness of the individual carrying them. 
A possible example of this has been 
given by Allison’, who offers evidence 
that persons who have sickle cell trait 
are more resistant to malaria than those 
possessing normal hemoglobin. This 
could explain his finding the highest in- 
cidence of the trait in those areas in 
which malaria was most frequent. 
Under these circumstances the gene 
causing sickle cell trait will increase in 
the population even in the face of selec- 
tion against those individuals homo- 
zygous for that gene. If this were true, 
it might have some bearing on eugenic 
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programs, and the offering of advice 
to carriers of such genes. The pitfalls 
of these problems have been well stated 
by Neel**. 

"RENAL DISEASE. The control of homeo- 
stasis and excretion of water and elec- 
trolytes by the kidney is a vast subject 
which has received a good deal of at- 
tention of late. That these functions 
are genetically controlled appears 
likely, the assumption being based upon 
the observation of numerous familial 
defects of tubular reabsorption. 

One of the most thoroughly studied 
conditions of this type is cystinuria. 
This is a condition in which the affected 
individual excretes large amounts of 
cystine in the urine. The disease is 
harmless except in those individuals in 
whom cystine stones are formed in the 
renal pelvi is and collecting system. Dent 
and Rose studied urines from such pa- 
tients using paper chromatographic 
methods and found abnormal amounts 
of lysine and arginine as well as cys- 
tine®®, The levels of these amino acids 
in the blood are in no way altered, and 
Dent and Rose have suggested that 
this is a defect in the reabsorption of 
these amino acids. If this function is 
under enzymatic control, it is not 
known what enzymes may be involved. 
It has long been known that the con- 
dition appears in more than one mem- 
ber of a sibship, in one generation only, 
and that there is a high consanguinity 


rate. Harris and Warren have studied 
the condition extensively from the 
genetic viewpoint®®. Measuring the 


amount of cystine in the urine of 232 
individuals from 21 different families, 
they found that the distribution of cys- 
tine split the families into two groups. 
In one type of family the only individ- 
uals who excreted amounts of cystine in 
excess of the normal were stone formers 
and a few sibs of stone formers. All the 
rest of the relatives, including both par- 
ents, excreted amounts which fell with- 


PEDIATRICS 


ia the normal range. In the other type 
of family, certain relatives, including 
some sibs, both parents, onlin s, aunts 
and cousins, excreted amounts of cys- 
tine which deviated significantly from 
the normal range, but were not so 
great as the stone formers and a very 
few of their sibs. The distribution of 
quantities of cystine in these individuals 
fell about midway between normals 
and stone formers. Thus, with reference 
to cystine excretion there were three 
types of people: normals, those excret- 
ing abnormal amounts but not enough 
to form stones, and stone formers. This 
suggested very strongly the segrega- 
tion in the two types of family of two 
separate mutant genes having to do 
with the tubular reabsorption of. cys- 
tine. One gene is perfectly recessive, 
and shows no abnormality in the heter- 
ozygote, the other shows a dosage ef- 
fect altering reabsorption in the heter- 
ozygote, but to a lesser degree than in 
the homozygote. Factorial analysis of 
the data reveale d good agreement be- 
tween observed wal expected ratios of 
affected to unaffected in both types of 
family, and the consanguinity rate was 
high in both instances, suggesting the 
validity of the genetic hypothesis. The 
question of whether the two proposed 
genes were alleles or at different loci 
was then raised. The data were insuffi- 
cient to resolve the question, but sug- 
gested that there were two genes at 
different chromosomal loci, rather than 
two alleles which could occupy the 
same locus. Thus cystinuria, a condi- 
tion which appears on inspection to be 
as homogeneous as any could be, seems 

have a varied genetic basis. Work 
with the same families measuring ly- 
sine is going on in Dr. Harris’ labora- 
tory and it seems likely that other genes 
will come to light. 

The question a multiple alleles ver- 
sus separate loci will perhaps come up 
more frequently in human genetics. In 
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general, genes at different loci will have 
different biochemical functions, though 
the ultimate phenotypes may look the 
same. Multiple alleles, on the other 
hand will express themselves in similar 
biochemical effects, but in different de- 
grees. A case in point is the group of 
clotting defects consisting of hemo- 
philia and hemophilia-like 
Hemophilia has been shown to exist in 
mild forms, and the degree of mildness 
is always consistent within families. 
This can be put on a quantitative basis 
by testing the antihemophilic factor 
levels in the blood. These were found 

be within a similar range within 
each family, thus suggesting a series 
of alleles, all at the same locus and 
segregating as expected within each 
family. On the other hand the hemo- 
philioid states differ in their chemical 
and in some cases genetic characteris- 


_tics, but under certain circumstances 


may resemble hemophilia clinically to 
a degree impossible to differentiate 
without laboratory tests. These condi- 
tions are due to the effects of genes ex- 
isting at different loci. It is an inter- 
esting genetic fact that the hemophil- 
ioid state due to deficiency of plasma 
thromboplastin component (PTC) is 
caused by a sex-linked recessive gene, 
as is hemophilia in dogs and man. 
Cystine may also appear in the urine 
of patients with the DeToni-Fanconi 
syndrome, though the amino acid pat- 
tern in the urine in this condition dif- 
fers markedly from that just discussed. 
This too appears to be in part a defect 
of the renal tubular reabsorption mech- 
anism. The condition may well be due 
to the effects of a mutant gene in homo- 
zygotes. Bickel and Harris have re- 
ported on the genetics involved'*. 
They found an increased incidence of 
consanguineous matings among parents 
and estimated the gene frequency to be 
about 1 in 200, and the incidence of 
heterozygotes to be about 1 in 100. 
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The incidence of the disease they esti- 
mated to be 1 per 40,000. Gene fre- 
quency estimates in such rare condi- 
tions always indicate that the genes 
themselves are far commoner than one 
might expect, considering the rarity of 
the disease. A condition with an inci- 
dence of 1 per 1000, would have a gene 
frequency of 1 in 30, and one of every 
15 people would be heterozygous for 
it. Thus it seems likely that nearly 
everyone is probably heterozy gous for 
a number of genes which in the homo- 
zygote would produce disease. This, 
however, is part of the variability 
among humans, and heterozygousness 
for large numbers of genes is probably 
a good. thing. 

Dent and Harris?* have reported an 
unusual family including some adults 
with the Fanconi syndrome. In this 
family there were three affected indi- 
viduals, all three adults. One had the 
full blown syndrome, the other two ap- 
peared quite normal, but showed mild 
glycosuria, hypophosphatemia, amino- 
aciduria, and mild acidosis, without 
changes in the bones. These latter are 
probably genetically similar to the 
index case, but are either milder, or 
have not yet shown changes in the 
bones. There was no cystine storage 
in any of these cases. One wonders “Gf 
this syndrome is not genetically and 
clinically different ay the syndrome 
in children. The data are insufficient to 
guess whether this is a case of multiple 
alleles or genes at different loci. 

Another renal tubular dysfunction 
which appears to be genetically deter- 
mined is that type of diabetes insipidus 
which does not respond to the admin- 
istration of pitressin. The disease has 
its onset at birth, and manifests itself 
in an excessive output of dilute urine 
and excessive need for water. When 
the intake falls short of the needs, de- 
hydration and elevation of serum elec- 
trolytes ensue followed by 
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collapse and renal shutdown. The con- 
dition was first described by Waring, 

Kajdi and Tappan’®’. They “described 
a family containing four affected sibs, 
all males, one of “which was a half- 
brother of the other three, the mother 
being the shared parent. There was 
also an unaffected daughter by the first 
husband. Their studies indicated that 
renal function was intact except for the 
ability to reabsorb water, only 70 to 
80% of filtered water being reabsorbed. 
This function was not improved by 
pitressin, but the patients were able 
to excrete electrolytes normally, pro- 
viding enough water ‘was supplied. 
This was often 5 or 6 times the normal 
intake. Growth and development are 
often retarded, and unless special care 
is taken to fulfill the extensive water 
needs, death early in life may result. 
The disease need not always be very 
severe, however, since in a family re- 
ported by Williams and Henry’ there 
were a number of adults who had en- 
joyed good health, except for their 
defect. 

It has been suggested that the condi- 
tion is due to a sex-linked recessive 
gene which acts in some way to prevent 
the normal functioning of antidiuretic 
hormone on the distal tubule. Available 
evidence suggests that antidiuretic 
hormone is present in these cases, so 
it appears to be an end-organ defect, 
a conception of genetic defects sug- 
gested by Dantorth in connection with 
an aberration of coloring in the feath- 
ers of Seabright-bantam cocks. 

All of the reported cases have been 
males®#:199112, with the exception of 
one female reported by Dancis, Bir- 
mingham, and Leslie**. This case was 
slightly different, however, in that even 
during dehydration there was no eleva- 
tion of serum sodium and chloride, 
suggesting that their case might be 
functionally and genetically different. 
In support of the hy pothesis of sex- 
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linkage, are the half-brothers, shar- 
ing the same mother reported by War- 
ing, Kajdi, and Tappan. Since their 
report the mother has married twice 
more, and has borne an unaffected fe- 
male by her third, and an unaffected 
male by her fourth husband. We have 
also followed two more families, one 
containing one affected male, and one 
with two affected males. The distri- 
bution of affected males in the pedi- 
gree offered by Williams and Henry 
also strongly suggests sex-linkage. Thus 
the genetic hypothesis in this case seems 
based upon fairly good grounds, but 
in general one needs rather extensive 
pedigree information to be sure. One 
needs to be wary of conditions in which 
affected males preponderate, but in 
which the causative gene lies not in 
an x-chromosome, but in one of the 
autosomal chromosomes. For instance, 
pattern baldness appears only in males, 
but the familial distribution is such that 
it seems reasonably clear that the gene 
involved is an autosomal dominant**. 

That we know of many other renal 
tubular defects which may be inherited, 
is perhaps a reflection of the availa- 
bility and ease with which urine can 
be examined. New ones are being 
turned up all the time. In some in- 
stances the problem lies in determining 
whether the condition is due to a 
metabolic defect, or an alteration in 
tubular reabsorption. For example in 
the well known case of the Dalmatian 
Coach Hound, who unlike other dogs 
excretes uric acid rather than allantoin, 
there is no lack of uricase to convert 
uric acid to allantoin, but the renal 
threshold for uric acid is so low that 
it is excreted as such before conver- 
sion*'. Rimington has suggested this 
as a me chaniass to explain alkapton- 
uria®'. That is, he suggests that there 
may he no enzymatic block in the oxi- 
dation of homogentisic acid, but an 
alteration in the renal reabsorption of 
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homogentisic acid such that it is all ex- 
creted, and relatively little is oxidized. 
In support of this conception is the 
fact that the homogentisic acid in the 
blood is so low as almost to escape 
measurement. Still another condition 
in which the question is in doubt is 
xanthinuria. Dent and Philpot studied 
a 4-year-old girl who passed a-xanthine 
stone**. Repeated chromatographic de- 
terminations showed large amounts of 
xanthine in the urine along with a small 
amount of uric acid. The serum uric 
acid was markedly reduced. The inter- 
pretation was that there is either ab- 
sence or reduction of xanthine oxidase 
which will convert xanthine to uric 
acid, or alternatively that there is an 
altered renal threshold for xanthine 
such that it is rapidly excreted, before 
being converted to uric acid. The par- 
ents, a sib, and some other relatives 
were all found to show no xanthinuria. 
Thus, although there is no proof, nor 
any indication that the disease is in- 
herited, it is the kind of problem which 
is very likely to be genetically deter- 
mined, and the sort of instance in which 
it can prove profitable to look for 
minor manifestations in the parents or 
other presumptive heterozygotes. 
PLASMA PROTEINS. When considering 
the renal tubular defects it is important 
to keep in mind that injury may pro- 
duce changes causing syndromes identi- 
cal to those which are primarily genetic. 
Or the injury may be secondary to a 
genetically controlled aberration, so 
that the gene action is not primarily 
on the tubular functioning. This may 
well be the case in Wilson’s Disease®*”. 
It is suggested by Bearn and Kunkel 
that the disease is in part due to the 
abnormally increased absorption of 
copper, which causes injury to the liver 
and kidney tubule, the latter altering 
the reabsorption of a number of amino 
acids and peptides. Thus in this case 
the tubular defect is only secondary 


696 PROGRESS OF 
to the primary gene effect which has 
to do with the metabolism of copper. 
Others have not agreed with this view- 
point and have suggested that the 
amino aciduria and peptiduria are the 
result of a primary defect?*:'°%, This 
latter, however, seems unlikely since 
cases have been reported in which a 
normal output of urinary amino acids 
was found. There is more evidence 
that a part of the genetic defect con- 
sists of marked reduction in cerulo- 
plasmin, a component of the alpha-2 
fraction of the serum proteins which 
is concerned with the binding and 
carrying of copper. This was first 
measured by Sheinberg and Gitlin, 
and has been confirmed’. This lack 
seems to explain the low serum copper 
levels, the high excretion of the metal, 
and its deposition in the tissues. The 
nature of the central nervous system 
lesion remains unclarified. 

The genetics of the condition has 
been carefully and well studied by 
Bearn and Kunkel!®. They studied the 
genetic histories of 16 families in which 
they found 26 cases. There was a first 
cousin consanguinity rate among par- 
ents of 37.5%, and if second cousins 
were included the rate was 62.5%. This 
is an extremely high rate, indicating 
the rarity of the gene and of the dis- 
ease. The gene frequency calculated, 
using the figure for first cousin consan- 
guinity among the affected families, 
and an estimated figure of consan- 
guinity in the general population of 0.5%, 
was 0.00052, giving a disease incidence 
of approximately one per 3,700,000, and 
an incidence of heterozy gotes of one 
per 1,000. Statistical analysis of the 
data indicated a good fit with the hy- 
pothesis that the disease is inherited 
as a recessive. Efforts to find heter- 
ozygotes or mildly affected individuals 
among the sibs by testing for amino- 
ac idearis 1, and in a few oie. abnormali- 
ties of copper metabolism were unre- 
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warding. No mention was made, how- 
ever, of tests of the parents. If one 
assumes the condition to be manifest 
in the homozygote, efforts to find heter- 
ozygotes could always be begun on 
the parents, since to fulfill the hy poth- 
esis they must be heterozygotes. If the 
tests to be made are difficult or time- 
consuming, parents are best, since it 
must be remembered that on the aver- 
age only one-half the sibs will be heter- 
ozygous. Complete studies would of 
course include both. 

There are other genetic defects in- 
volving fractions of the plasma _pro- 
teins. Some of the blood clotting de- 
fects have already been mentioned. 
Among others may be me ntioned con- 
oC nital afibrinogenemia, a condition in 
which there is virtual absence of fibrin- 
ogen. Although more males than fe- 
males are affected, there is no evidence 
of sex-linkage. The data in the litera- 
ture are insufficient, but the condition 
is most likely a manifestation of a gene 
which causes loss of the factor in the 
homozygote and_ reduction in the 
heterozygote, since parents have been 
shown to have reduced fibrinogen 
levels. In a case reported by Frick and 
McQuarrie, both parents, some 
and several aunts and uncles showed 
fibrinogen levels below normal values*”’. 

Finally, new light has been thrown 
on the condition termed by Bruton 
agammaglobulinemia”’*'. In _ these 
cases, all males, there is no detectable 
gamma globulin, and the patients are 
unusually prone to infection. It has 
been recently reported that baum is 
an absence of plasma cells in lymph 
idles and bone marrow of patients 
with this condition**:**. When stimu- 
lated with various antigens these pa- 
tients still failed to respond with either 
antibody or plasma cells. The condi- 
tion is sometimes familial and may be 
inherited, though more data are need- 
ed. Whether or not it is a sex-linked 
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gene which is responsible is also not 
clear. 

Conclusion. It might be worthwhile 
before closing to consider some present 
trends in genetics to see what the fu- 
ture holds. 

One interesting development in cyto- 
genetics is the work of Moore, Barr 
and others’?. These workers have found 
that in female tissues, the sex chroma- 
tin is gathered in a mass, frequently 
adjacent to the nucleolus, or sometimes 
at the border of the nucleus of several 
types of cells. This phenomenon is 
sometimes seen in the male, but rarely. 
Thus it is possible to determine the 
actual genetic sex of individuals with- 
out reference to the morphology of 
the genitalia or gonads. In humans they 
have applied the method to skin biopsy 
material and have been able to deter- 
mine the genetic sex of patients in 
whom, because of abnormalities of the 
genitalia, it is not obvious. This is 
clearly a useful tool in the elucidation 
of male and female pseudohermaphro- 
dites and genetic intersexes. Further 
development of the methods of cyto- 
genetics may be useful in throwing 
more light on chromosomal sechehions. 
Possibly these are commoner than has 
been supposed. 

Cytoplasmic 
been detected in man, but is well 
known and authenticated in micro- 
organisms and plants. A recent report 
by Gross has suggested a mode of 
inheritance for leukemia in humans 
which is essentially cytoplasmic inheri- 
tance®*’. It is his conception that leu- 
kemia in some cases may be caused by 
a virus which enters the germ cell and 
is thereby passed from one generation 
to another. Whether or not the individ- 
ual harboring the virus develops the 
disease will depend upon a variety of 
unknown environmental factors. Leu- 
kemia is known to be caused by 
virus or like agent in mice and chickens 


inheritance has not 


697 


and might be also in humans. Familial 
aggregations of leukemics are known 
in humans”. If the inheritance should 
be of this type the distribution of cases 
in families will not fit Mendelian ratios, 
and will look different in other ways. 
What is needed here is analysis of care- 
fully collected data. 

Geneticists are always intrigued by 
and interested in the possibility of 
finding the carriers of genes which ex- 
press themselves more obviously in the 
homozygote. As has been repeatedly 
mentioned, this can be done by detect- 
ing some effect, sometimes trivial and 
unnoticed, in possible heterozygotes, 
but it can also be done by finding 
genes whose loci lie close to the one 
in question on the same chromosome. 
Because the chance of disruption of the 
relationship of the two genes by cross- 
ing over is reduced in proportion to the 
degree of proximity of the two gene 
loci, such linked genes are more likely 
to segregate together and appear to- 
gether in new genotypes. Thus, within 
families, characteristics may be asso- 
ciated if the linked genes are occupy- 
ing adjacent loci on the same chromo- 
some. Thus the presence of an easily 
observed, common, marker gene may, 
in certain families, indicate the individ- 
uals who will be carrying the gene for 
which the search is made. It is impor- 
tant, however, to remember that link- 
age will explain the association or dis- 
sociation of characteristics within 
families only, not in the general popu- 
lation. This method has been tried 
and some results have been found. Re- 
cently a possible linkage between the 
Rh blood groups and the gene causing 
ovalocytosis has been detected®. The 
method has important drawbacks, how- 
ever, and may not be really useful for 
a long time to come. But it is one of 
the areas in which geneticists work and 
will ultimately be of great importance. 

Summary. It is hoped that the fore- 
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going will have indicated something of 
the nature of gene action in humans. 
It is evident that the effects of genes in 
humans are not materially different 
from those in microdrganisms as deter- 
mined by the microbiologists. Humans 
being more complicated organisms, 
gene effects are much more difficult to 
track down, and often we are left in 
the knowledge only that in some way 
a specific gene is responsible for a mor- 
phological or structural effect. Or the 
defect that we can detect or measure is 
several steps removed from the ultimate 
chemical manifestation. Again, some- 
times a train of events is begun so that 
a variety of manifestations are seen ob- 
scuring the underlying, original fault. 
But in every case when one approaches 
the action of genes, they appear to 
mediate some biochemical event. Thus 
mutant genes provide us experiments 
of nature, often not imitated by ac- 
quired disease, the study of which can 
throw light on the normal physiological 
processes, since mutants generally fail 
to perform the function of their nor- 
mal alleles. It is clear that this kind of 
knowledge is in its infancy, that we 
understand the mode of action of only 
a handful of mutants, and a very few 
normal genes. Possibly, in some future 
we cannot foresee, we may understand 
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more about the genetic background of 
the normal constitution, and be able 
to express it in chemical terms. For the 
moment, however, it is worthwhile to 
attempt to determine accurately the 
mode of inheritance of particular 
genes, their action and frequency, to 
characterize their variability of expres- 
sion, and to attempt to find in the case 
of recessives the genic manifestation in 
the heterozygotes. This latter can some- 
times give a clearer idea of what the 
gene is doing than when it is present 
in double dose**. All this can help to 
direct therapy and above all prevention. 
Inherited diseases should be ultimately 
as treatable as ony other kind and pre- 
vention of disease is the aim here as 
in all disease. This is a better aim than 
eugenic programs which would prevent 
the conception of genotypes which con- 
tain thousands of genes all for the sake 
of one deleterious one. Furthermore, no 
one knows what the genetic needs of 
the distant future may be, and genes, 
which are thought to be harmful now, 
may one day help to adapt the individ- 
ual to a possibly materially different 
environment. In the meantime we need 
to learn a great deal more about the 
nature of genic and chromosomal be- 
havior. 
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THE treatment of carcinoma of the 
uterine corpus has for many years been 
a subject of moderate controversy. In 
addition to the fluid state in which the 
question of treatment is to be found, 
there has also been broad discussion 
upon etiology. The marked changes 
shown by endometrium in response to 
endocrine stimulation, and the simil- 
larity of certain hyperplasias to cancer, 
have provided speculative interest in 
factors responsible for the development 
ot malignancy. The complexity of the en- 
docrine system has prevented defini- 
tion of the part that activity may play, 
and the relative paucity of material has 
prohibited the accumulation in a single 
clinic of sufficient data to permit ac- 
curate conclusions as to the proper 
therapeutic approach to this problem. 


The incidence of endometrial cancer 
is estimated to be one-sixth to one- 
third that of cervical cancer. During 
more recent years, however, there is 
evidence of relative increase in the oc- 
currence of endometrial lesions. The 
significance of that increase is contro- 
versial. Some authors believe that the 
greater use of hormones of all types is 
a factor of importance. Others have 
suggested that the application of radi- 
ation for gynecological conditions be- 
lieved to be benign has some responsi- 
bility. There is general agreement that 
accuracy in diagnosis is improved, and, 
therefore, fewer cases are overlooked. 
One quite definite explanation is to be 
found in the natural history of the dis- 
ease in that it tends to occur in older 
women. The trend toward a dispropor- 
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tional increase in older age groups pro- 
vides a greater reservoir of prospects 
fer endometrial cancer. More than 
three-fourths of all patients are over 50 
years of age. That age distribution is 
in contrast with cervical cancer, which, 
to a large extent, is a premenopausal 
lesion. One other point should be men- 
tioned in relation to carcinoma of the 
cervix. Data upon the incidence of that 
lesion among celibate women indicates 
the value to be extremely low. Any fall 
in incidence of endometrial cancer in 
that group is not marked. 

The frequent association of endo- 
metrial cancer with various metabolic 
disturbances has been the basis for 
considerable research. The endocrin- 
ological manifestations of many of those 
associated dysfunctions has advanced 
the belief that the endocrines are of 
etiological significance. The high inci- 
dence of association with hypertension 
is an example of one of the conditions 
in question. That relationship is cited 
in most clinical reports, but, unfortun- 
ately, many publications fail to specify 
criteria for recognition of hy pertension, 
or to give comparable data upon inci- 
dence in a control group from their 
general clinic population. There can be 
no doubt, however, but that such a 
reli tionship does exist. The same point 
can be made for the association of dia- 
betes mellitus and obesity in relation 
to corpus cancer. In addition to those 
conditions, hirsutism is also recognized 
to have a frequent association with the 
disease in question. 

All of the above mentioned distur- 
bances have been linked in some way 
with pituitary dysfunctions. A number 
of authors both here and abroad have 
attempted to show a common endocrin- 
ological pathway for the control of 
those conditions by the anterior lobe of 
the pituitary. Such a theory is in- 
triguing, but many discrepancies ob- 
scure continuity of the pathways. At 
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the same time it is not surprising to 
find speculation upon the basic rela- 
tionship of excessive anterior pituitary 
activity to the etiology of endometrial 
cancer. As a result a great deal of study 
has inven focused upon effects of the 
estrogens. Most of the evidence pre- 
sented in support of possible carcino- 
genic effects of estrogen is related to 
abnormal stimulation, which in many 
instances can be attributed to the pitui- 
tary. A review of the data at hand finds 
the question unanswered. In that con- 
nection mention should be made of 
the occasional situation in which one 
finds endometrial cancer associated 
with an elevated estrogen level result- 
ing from the clinical administration of 
hormones, or from an estrogen produc- 
ing tumor. Larson’ has presented an 
excellent discussion of that subject 
with the conclusion that such as asso- 
ciation presents the strongest argument 
for the carcinogenic action of estrogen 
in the human, but that there is no posi- 
tive evidence to prove that effect, nor 
to prove any similar action from other 
related factors such as the pituitary. 

The rather frequent history of a late 
menopause among patients with corpus 
cancer, and the relatively high inci- 
dence ‘of nulliparity and sterility, also 
suggest the endocrine system as a 
causative agent. Despite absence of evi- 
dence show ing a direct relationship one 
cannot Rieniiine the possibility of an 
hereditary potential for abnor mal 
growth that may act as the trigger 
mechanism. The suggestive and sus- 
picious associations produce a provoc- 
ative frustration that is augmented by 
the wide range in responses found nor- 
mally in endometrium, and the histo- 
lcgic similarity of benign hyperplasias 
to recognizable cancer. 

It is not uncommon for a patient 
with endometrial cancer to present the 
history of previous irradiation for a 
supposed benign condition. Realizing 
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the traumatic and carcinogenic effects 
of radiation one might easily assume 
the earlier treatment to be a factor of 
importance in the development of the 
disease. Evidence is lacking to prove 
direct transition to cancer due to the 
use of either Roentgen rays or radium. 
In spite of this apparent relationship it 
is more logical to attribute the associa- 
tion to coincidence, or to transitional 
stages toward cancer not recognized at 
the time of irradiation. The practical 
point to be emphasized here is the need 
for precision in diagnosis, and the haz- 
ard incurred by oversight in the selec- 
tion of radiation for the control of 
bleeding, or tumors believed to be of 
benign origin. 

Clinical symptoms of corpus cancer 
aie not peculiar to that disease. Ab- 
normal bleeding is by far the most 
frequent and important symptom. In 
the premenopausal patient there may 
be menorrhagia with or without inter- 
menstrual bleeding. Postmenopausal 
bleeding requires the most careful in- 
vestigation. A symptom of particular 
significance is the presence of thin 
watery discharge, frequently turbid and 
often malodorous, and sometimes be. 
lieved by the patient to be an abnormal 
escape of urine. Pain, loss of weight, 
weakness, and the like are late symp- 
tems usually associated with tumor 
spread and invasion, except in some in- 
stances of severe infection. 

Definitive diagnosis depends upon 
microscopic examination of tissue re- 
moved for biopsy. Any diagnosis made 
upon clinical evaluation alone is al- 
ways inconclusive. Frozen sections are 
impractical in the recognition of endo- 
metrial lesions. Vaginal smears are 
helpful for screening purposes, but the 
method is not reliable for definitive 
diagnosis. Endometrial biopsy _ per- 
formed in the office or in the clinic may 
establish diagnosis if a specimen of 
tumor is procured, but a negative sec- 
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tion should never be accepted as a 
final diagnosis. Curettement of the 
uterine cavity is the only means by 
which tissue representative of the whole 
endometrium can be obtained, and 
even with that procedure it is possible 
for a small lesion to escape detection. 
Mention should be made of the prac- 
tice followed by some in performing 
curettement and applying radium at 
the same operation if tissue removed 
from the uterus appears grossly to be 
malignant. Such a procedure needs to 
be condemned. There is not only risk 
of error in recognition of cancer, but 
as will be seen later histologic charac- 
teristics of tumor are of importance in 
planning treatment. Furthermore, the 
data obtained at currettement upon 
size and configuration of the uterine 
cavity are of great importance in selec- 
tion of intrauterine radium applicators. 
The information gained by curettement 
far outweighs the questionable deter- 
ents of possible dispersion of the tu- 
mor, extra expense to the patient, or 
brief delay in the application of defin- 
itive therapy. 

As a general rule the rate of growth 
of corpus cancer is relatively slow, at 
least in comparison with some cervical 
cancers. Extension beyond the uterus 
by direct invasion, or spread by lym- 
phatic or vascular dispersion is believed 
to be relatively late. Recently, however, 
Henrikson* and also Javert® have dem- 
onstrated the tendency to spread to be 
greater than is generally believed. 
Tubal and ovarian metastases: are not 
infrequent, and increase the probabil- 
ity for lymphatic dispersion to lumbar 
and aortic nodes. Vaginal metastases 
are not uncommon, and appear often 
in the region about the terminal por- 
tion of the urethra. Many corpus can- 
cers invade the cervix. Mention should 
be made here of the importance of 
fractional curettage in performing that 
diagnostic procedure. Invasion of the 
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cervix depreciates prognosis consid- 
erably. It is important that scrapings 
from the cervical canal be kept sep- 
arately for examination. So frequently 
does corpus cancer invade the cervix 
that about half of the clinically evident 
glandular cancers of that structure will 
be found to be due to downgrowth 
of endometrial cancer. Microscopic dis- 
tinction between primary adenocarcin- 
oma of the cervix and endometrial can- 
cer is always difficult. Finally, mention 
should be made of the ability of endo- 
netrial cancer to implant readily. Cur- 
ettement should be performed care- 
fully, and retraction of the vagina ac- 
complished without trauma to the 
epithelium. A small tear or abrasion of 
that structure may be contaminated 
with tumor and become the location of 
an apparent metastasis. 

The belief that endometrial cancer 
tends to remain within the limits of 
the myometrium has prompted the rec- 
ommendation that hysterectomy alone 
is adequate treatment. Many patients 
not suited to surgery must be irradiated, 
and the clinical results obtained by 
some have led to the conclusion that 
Roentgen rays and radium can be used 
effectively in operable patients. Other 
authors, chiefly in this country and to 
a lesser extent abroad, have advocated 
the combined use of radiation and sur- 
gery with extension of the group to 
whom hysterectomy is applied. Com- 
parative evaluation of the three types 
of treatment is hampered by paucity of 
clinical material, and made complex, by 
difficulties in classification of stage of 
advance, and by effects of natural his- 
tory upon prognosis. It is not surpris- 
ing that disagreements have arisen, and 
that selection of method of treatment 
remains a rather fluid problem. 

Accessibility to palpation of the nor- 
mal pathways of tumor spread for cer- 
vical cancer has made possible rather 
precise estimation of stage of tumor ad- 


vance for clinical classification. Pa- 
tients can be divided into groups of 
fairly uniform material for reporting 
results. The classification of corpus 
cancer is more difficult, and no standard 
plan has been widely adopted. Several 
methods for clinical grouping have 
been suggested, but none fulfill all 
requirements for adequate clinical stan- 
dardization prior to therapy. One of 
the criteria suggested, for example, is 
size of the uterus, but whether deter- 
mined bimanually or by sounding the 
uterus, that measurement is not apt to 
provide an accurate estimate of tumor 
extent. Other factors, such as myomas, 
may affect uterine size. Likewise, ex- 
tensions outside the uterus are not al- 
ways recognizable upon the basis of 
uterine fixation, or adnexal enlarge- 
ment. There are many benign causes 
for those changes. Histologic groupings 
have been suggeste d, and tees data 
are of value in estimating prognosis, 
but microscopic appearance of a biopsy 
specimen does not indicate the degree 
of tumor spread. Classifications made 
upon the basis of findings after hyster- 
ectomy are of considerable accuracy, 
but those are not applicable to patients 
not treated by surgery. The World 
Health Or ganization under the direc- 
tion of Professor Heyman is undertak- 
ing a study of the problem , and may 
report a satisfactory solution. 

The most practical classification so 
far proposed is one that has been sug- 
gested by Heyman‘. Selection of op- 
erability is made depe mdent upon in- 
dividual judgment of extent of tumor, 


‘individual appraisal of the general 


physical condition of the patient, and 
surgical facilities available at the par- 
ticular institution in question. Patients 
presenting lesions believed to fall with- 
in an operable stage are divided into 
two groups. The first, termed “Clinically 
Operable,” includes those in physical 
condition sufficiently good to justify 


GYNECOLOGY AND OBSTETRICS 705 


performance of surgery. If other as- 
sociated constitutional disorders con- 
traindicate hysterectomy the patient is 
considered “Technically Operable.” If 
extent of tumor makes operative 
treatment impractical the patient is 
classified as “Inoperable.” Corpus can- 
cers with cervical involvement, or those 
with large ovarian tumor masses, or 
any others in which the site of the pri- 
mary growth may be indefinite, are 
ke spt se eparately for all statistical pur- 
poses ° 

The lack of standardization in clin- 
ical classification complicates the com- 
parison of results given in different re- 
ports. Evaluation of results is made 
more complex by variation in tech- 
niques of treatment. That will apply to 
irradiation as well as surgery. Specifi- 
cation of radiation dose is difficult, and 
even if given in terms of roentgens, or 
in percentage depth doses, the data are 
not transposable without knowledge of 
other physical factors such as quality, 
intensity, period of irradiation, and 
others. Furthermore, treatment may in- 
clude the use of external irradiation 
(Roentgen rays, or radium, or cobalt 
applicators ), or that form of irradiation 
may be entirely omitted. Radium treat- 
ment may vary from a simple intra- 
uterine tandem, or special applicators 
holding several sources, to the special 
packing technique devised by Heyman 
for the use of multiple capsules intro- 
duced singly into the uterine cavity to 
fill all available space. There is con- 
siderable variation in the distribution 
of radiation for the several radium tech- 
niques that may be employed. Similarly, 
techniques and extensiveness of surgery 
may range from simple hysterectomy to 
radical hy sterectomy with removal of 
lymph nodes, and with variable pre- 
cautions that are taken to prevent tu- 
mor spread. It is obvious that consid- 
erable difference will be found in extent 
of vaginal segment removed at opera- 


tion, which is one of the more frequent 
sites of recurrence. All of those differ- 
ences in treatment, as well as difficulties 
in clinical staging, complicate evalua- 
tion of results. It can be seen that con- 
troversy in choice of method of treat- 
ment is apt to arise, and there is no 
surprise in the statement made by 
Novak* that treatment of corpus cancer 
remains a fluid problem. It should be 
noted, however, that the controversy 
applies only to operable patients. 

Upon the basis of survival rates the 
proponents of surgery alone present 
excellent results to support their be- 
lief. The pertinent question is whether 
the use of radiation in conjunction with 
surgery will improve results over those 
obtained by hysterectomy alone. A 
number of authors are of the opinion 
that neither Roentgen rays nor radium 
have improved their results in clinically 
oper rable patients. In some instances 
that conclusion seems to have been 
made after the use of amounts of radia- 
tion that appear to be inadequate. The 
experience of other authors indicates 
that the combined treatment will im- 
prove results, in fact a few individuals 
have suggested that irradiation can be 
sufficiently adequate to supplant opera- 
tion. That assertion does not appear 
warranted in view of the radiation fail- 
ures noted in patients operated upon 
after the application of Roentgen rays 
and radium. Heyman* has reported a 
number of such cases in his radio- 
logically treated series. He has, how- 
ever, demonstrated conclusively that 
many patients may be cured by irradia- 
tion alone. 

Another point of debate upon the 
combined treatment has been the rela- 
tive importance of radiation and sur- 
gery. It is somewhat illogical to em- 
ploy radiation if hysterectomy is the 
more definitive procedure. If the com- 
bined treatment actually does improve 
clinical results, then explanation of the 
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mechanism for that improvement be- 
comes vague. Criticism has been given 
upon the basis that preoperative irra- 
diation delays performance of the more 
definitive treatment, and that in the in- 
terest of lower morbidity one is obliged 
to employ lesser amounts of radiation 
than are required for tumor control. 
There is also apt to be a greater amount 
of fibrosis in the pelvis following both 
methods of treatment. Those -state- 
ments are generally true, but there is 
rarely any added technical difficulty 
in performance of surgery, nor any 
special problems in wound healing. The 
vaginal vault may show considerable 
reaction for a longer period after hys- 
terectomy, and if vaginal hysterectomy 
is employ ed there may be loss of super- 
ficial epithelium by necrosis. 

In the attempt to arrive at some ad- 
vance in answer to the many questions 
involved, we have reviewed the patients 
with corpus cancer treated during the 
period 1930-1948 at the Barnes and at 
the Barnard Free Skin and Cancer Hos- 
pitals. A total of 260 primary cases are 
available for 5-year survival study. Dur- 
ing the years involved there has been a 
period of definitive treatment for oper- 
able cases by hysterectomy alone, as 
well as one through which the com- 
bined treatment has been employed. 
Throughout the time in question there 
are a few clinically operable patients 
treated only by surgery. Clinical classi- 
fication of the patients at each institu- 
tion has been made by a group of 
physicians comprising essentialy over- 
lapping staffs. The patients are chiefly 
clinic cases, but pr ivate patients treated 
at the Barnes Hospital are included. 
From the entire series a few patients 
failing to return for complete treatment 
have heen excluded from the review. 

Of the entire group of 260 patients, 
112 were treated by irradiation alone. 
lifty-seven were treated by surgery 
alone, and 91 received the combined 
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treatment of preoperative Roentgen 
rays and radium followed by hysterec- 
tomy. The operation performed in most 
instances has been complete abdominal 
hysterectomy with removal of both 
tubes and ovaries and a small segment 
of vagina. In a few cases the broad lig- 
aments have been explored with re- 
moval of iliac nodes. The parametrial 
tissues removed have been somewhat 
more extensive than in the ordinary 
simple hysterectomy, but the operation 
in question cannot be considered to be 
of a radical type upon the order of the 
Wertheim procedure. 

Five-year results for each method of 
treatment are shown in Table 1. The 
highest rate of survival occurs in the 
group treated by surgery alone without 
evidence of superiority for the com- 
bined treatment. It should be noted, 
however, that selectivity inherent in 
any program of therapy, and the ab- 
sence in such over-all results of data 
upon other clinical factors, mitigates 
against validity of apparent values. It 
was therefore decided to re-evaluate 
the results of therapy dependent on 
several important clinical features. 

Since the relative size of the uterus 
has been shown to be of definite prog- 
nostic value, it is deemed practical to 
evaluate the results on that basis. A 
modified form of the Healy and Brown 
classification is used for dividing the 
patients mto appropriate groups. Data 
are taken from clinical records, and 
patients with uteri of a size smaller 
than that of a 24-month pregnancy, or 
sounding less than 12.0 cm. in depth, 
are grouped as “early cases.” Those of 
larger dimensions, or with evidence of 
extension outside the uterus regardless 
of size, are considered. as “advanced 
cases.” Results of that comparison are 
shown in Table 2, and a better survival 
rate can be seen for the early cases re- 
gardless of the type of treatment ap- 
plied. Preoperative irradiation is not 
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shown to produce any significant im- 
provement among early cases, but an 
improvement in results can be seen for 
that procedure among advanced cases. 
From those data it can be stated that 
preoperative irradiation should be em- 
ployed in patients suited to hysterec- 
tomy who present enlarged uteri, or 
evidence of spread outside the uterus. 


are correlated with type of treatment, 
and the clinical results given in Table 
3. For the patients in question the de- 
gree of differentiation is shown to af- 
fect strongly the prognosis in corpus 
cancer. Without regard to the type of 
treatment applied it can be seen that 
the ratio of survival for well differenti- 
ated lesions is almost 2:1 that of undif- 


TABLE 1.—TABLE SHOWING THE 5-YEAR-SURVIVAL RATE FROM THREE 
DIFFERENT TECHNIQUES OF TREATMENT. 


ADENOCARCINOMA OF CORPUS UTERI 


Treated 5-Year Survivals 
Treatment No. % No. % 
Radiation Only 112 43.1 29 25.9 
Surgery Only 57 21.9 40) 70.1 
Irradiation and Surgery 91 35 66 72.5 
Total 260 100 135 50.2 


TABLE 2.—TABLE ILLUSTRATING THE EFFECT OF SIZE OF UTERUS ON THE 5- 
YEAR-SURVIVAL RATE BY THREE DIFFERENT TECHNIQUES OF TREATMENT. 


ADENOCARCINOMA OF CORPUS UTERI 


Early Late 

5-Year Survivals 5-Year 
Treated Treated 

Treatment No. No. / No. No. % 
Irradiation Alone 51 20 39.2 61 9 14.7 
Surgery Alone 45 35 12 5 41.6 

Preoperative Irradiation 52 43 82.7 39 23 59 
Total 148 98 66.2 112 37 33.0 


There is lack of agreement regarding 
the significance of tumor differentiation 
as noted microscopically. For an evalu- 
ation of results on that basis, a modifi- 
cation of the Healy and Cutler? his- 
tological grading as described by 
Palmer® is believed to be the most prac- 
tical. It is easily applied, and provides a 
definite selection of cases. Lesions: 
microscopically classified as types I and 
If are included in the “more differenti- 
ated class,” and types III and IV in 
the “less differentiated class.” Using 
that broad histologic grouping the data 


ferentiated forms (63.4%:34.6%). The 
ratio is of about the same value for 
patients treated by irradiation alone 
(32.3%:17.0%). A change in values can 
be seen, however, among patients 
treated by hysterectomy alone, or in 
conjuction with preoperative 
tion. Among the patients treated by sur- 
gery alone, the ratio of survival of dif- 
ferentiated lesions is 3:1, that of undif- 
ferentiated forms (94.1%:34.8%). For 
the combined treatment the value is 
changed to 4:3 (80.7%:59.0%). 

Specific explanation for the improve- 
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ment in prognosis shown for preopera- 
tive irradiation in patients with undif- 
ferentiated tumors cannot be made ex- 
cept upon the basis of natural history. 
In pursuit of an explanation a review 
has been made of the patients treated 
by hysterectomy alone and those given 
the combined treatment to search for 
differences in operability. Good com- 
parability is found in age, weight, and 
associated medical complications. The 
only exception is to be found in. the 
fact that 12 of the group treated by 
surgery alone were not diagnosed until 
after operation. That would indicate 
early lesions, but as such should tend 
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A number of publications have given 
emphasis to the prognostic value of 
tumor control manifested by disappear- 
ance of cancer in specimens removed 
after preoperative irradiation. That 
phenomenon can be seen to apply here 
in data given in Table 4 which shows 
the better survival rate for patients pre- 
senting no evidence of residual cancer 
in uteri removed after the application 
of Roentgen rays and radium. If favor- 
able radiosensitivity of undifferentiated 
lesions prompts that evidence of con- 
trol, one might hope to have greater 
proof of the value of preoperative treat- 
ment. In an earlier review upon a lesser 


TABLE 3.—TABLE ILLUSTRATING THE EFFECT OF HISTOLOGICAL GRADING ON 
THE 5-YEAR-SURVIVAL RATE BY THREE DIFFERENT TECHNIQUES OF 
TREATMENT. 

ADENOCARCINOMA OF CORPUS UTERI 
Well rentiated Anaplastic 

Treated Treated 

Treatment No. No. % No. No. % 

Irradiation Only 65 21 32.3 47 8 17 
Surgery Only 34 32 94.1 23 8 34.8 

Preoperative Irradiation 57 46 80.7 34 20 59 
Total 156 99 63.4 104 36 34.6 


to advance results in that group. Only 
4 of those 12 patients were asympto- 
matic, however, and there should have 
been suspicion of cancer in the re- 
maining 8. All of the patients given 
preoperative irradiation were diag- 
nosed before therapy. Thus we have 
not found any difference in clinical 
material that might be expected to re- 
sult in better survival for patients given 
the combined treatment. It is believed 
valid to conclude that preoperative ir- 
radiation is essential for lesions that 
show evidence of anaplasia. Differences 
in clinical behavior must be a factor 
of significance, but beyond the va- 
garies of natural history no definite 
explanation can be made. 


number of patients we had, however, 
been of the opinion that the incidence 
of tumor disappearance is lower among 
undifferentiated forms. Analysis of the 
material here reported shows no sig- 
nificant statistical difference for the per 
cent of cases histologically controlled 
in either group. Those data are given in 

Table 5. Thus we do not find evidence 
of difference in response to irradiation 
te explain the improvement in results 
that follows preoperative irradiation in 
undifferentiated tumors. One can con- 
clude only that prognosis is affected ad- 
versely by lack of differentiation, and 
that prognosis in those instances can be 
improved among operable patients by 
the addition of preoperative irradiation. 
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Those effects, in addition to the effects 
of the size of the uterus described 
above, suggest the possibility for a clin- 
ical classification that will more effec- 
tively predict prognosis. In Table 6 
the patients are grouped in a manner 
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earlier years radium was applied by 
means of an intrauterine tandem of 
fixed length containing only two 
sources. That linear source was not 
always equal to the measurement of 
uterine depth. A third tube was added 


TABLE 4.—TABLE ILLUSTRATING THE BENEFICIAL EFFECT OF THE DISAPPEAR- 
ANCE OF CANCER AT TIME OF OPERATION. 


ADENOCARCINOMA OF CORPUS UTERI 


‘Treatment: Preoperative Irradiation and Hysterectomy 


Treated 5-Year Survivals 

No % No. 
Histologically Controlled 60 65.9 49 81.7 
Histologically Uncontrolled 31 34.1 17 54.8 
Total 91 100 66 72.5 


TABLE 5.—TABLE ILLUSTRATING THE RELATIVE RADIOSENSITIVITY OF 
TUMOR DEPENDING ON ITS HISTOLOGICAL APPEARANCE. 


THE 


ADENOCARCINOMA OF CORPUS UTERI 


Treatment: Preoperative Irradiation and Hysterectomy 


Histological Treated Histologically Controlled 
Classification No. No. % 
Well Differentiated 57 32 56.1 
Anaplastic 34 17 50.0 
Total 91 49 53.8 


TABLE 6.—TABLE ILLUSTRATING THE ARRANGEMENT OF CLINICAL CLASSIFICA- 
TIONS TO DEMONSTRATE RELATIVE PROGNOSES. 


ADENOCARCINOMA OF CORPUS UTERI 


5-Year Survivals 


Groups No. No. % 
I. Early—Well Differentiated 82 69 84.1 
Il. Early—Anaplastic 66 29 43.9 
Advanced— Well Differentiated 74 30 40.5 
Advanced—Anaplastic 38 7 18.4 
Total 260 135 50.2 


at a later date. The method of treat- 
ment was subsequently changed to 
simulate as nearly as possible the pack- 


demonstrating prognosis made upon a 
combination of those two clinical cri- 
teria. 


Mention should be made of method 
of radium treatment. During the period 
included in this report several different 
techniques have been employed. In the 


ing technique devised by Heyman. The 
clinical results following the use of an 
intrauterine tandem, and those follow- 
ing use of multiple capsules are given 


__ 
— 


710 


in Table 7. Whether treated by irradia- 
tion alone, or in conjunction with sur- 
gery, the use of multiple capsules 
shows a better result. That method is 
especially important for enlarged uteri. 
Among those of normal or small size 
the method may be difficult to apply, 
and the number of tubes that can be 
introduced into the uterus may be few. 
In those instances the linear arrange- 
ment of an intrauterine tandem adjust- 
ed to uterine depth can be an effective 
method. In more recent years we have 
added the use of vaginal sources. From 
that method there should be decrease 
in incidence of recurrence at the 


TABLE 7.—TABLE COMPARING THE 
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EFFECT OF MULTIPLE 


SCIENCE 


the surface of the radium pack. Con- 
siderable variation in dose is to be 
found at different points, uo one of 
which expresses adequately the dose 
applied. For this study tracings were 
made of anterio-posterior and lateral 
radiographs taken during radium treat- 
ment. Using standard radium dosage 
charts it was possible to calculate the 
roentgens arriving at any one point 
from any particular capsule. The total 
dose was calculated by summing to- 
gether the amounts contributed at any 
given point from all capsules. Three 
points were finally considered as the 
necessary minimum to represent the 


CAPSULES AND 


TANDEM ON THE SURVIVAL RATE. 


ADENOCARCINOMA OF 


Tandem 


5-Year Survivals 


Treated 
No. No. 
Irradiation Alone 43 6 
Preoperative Irradiation 19 10 
and then Hysterectomy 
62 16 


vaginal vault, as well as improvement 
in distribution of radiation. We believe 
also that external irradiation should be 
employed in addition to the radium 
treatment for operable patients as well 
as for those to be treated by irradia- 
tion alone. 

The distribution of radium radiation 
has been studied in a total of 43 pa- 
tients. Size and shape of the uterus, the 
presence of fibroids or other tumor 
masses, and the arrangement of radium 
tubes affect the amount of radiation 
arriving at various points. Expression 
of dose given in milligram-hours gives 
no indication of biologic results to be 
expected. Costolow, Nolan, e¢ al.’ em- 
ployed a point designated as “C” for 
expressing dose in roentgens. Heyman 
and Brenner chose a zone 1.5 cm. from 


CORPUS UTERI 


Multiple Capsules 


5-Year Survivals 


Treated — 
No. No. 
13.9 69 23 $3.3 
52.6 72 56 
25.8 141 79 06.0 


over-all dose delivered to the tumor. 
These points were selected on a geo- 
graphical basis along the midline above 
the fundus, and on both lateral sides 
of the uterus. These were located 1.5 
cm. distance from the edge of the ra- 
dium outline as shown in Fig. 1. The 
cases were then divided into 4 groups 
depending upon the minimum dose cal- 
culated at each of those three points 
and grouped into doses of 4000 roent- 
gens or less, 4000 to 5500 roentgens, 
5500 to 7000, 7000 or more roentgens. 
Table 8 shows the results according to 
those categories. It is seen that a pro- 
gressively ‘better prognosis is obtained 
wikis the dosages delivered approach 
more adequate ‘irradiation. An attempt 
to define adequate dosages in terms 
of milligram hours was impossible be- 
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cause of its dependence on the anatomy 
present and the distribution of the ra- 
dium capsules. For the most part, how- 
ever, the larger the uterus the greater 
the number of milligram hours neces- 
sary to give adequate irradiation. A 
better indication of the dosage distri- 
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quate dose to the tumor. Without this 
meticulous individualization the im- 
provement in clinical results from intra- 
uterine radium implantations is hap- 
hazard and often ineffective. It is be- 
lieved that this is the clue to the diffi- 
culty in demonstrating a direct rela- 


Technique of Calculating Dosage 


Fig. 1.—Adenocarcinoma of the corpus uteri. The figure illustrates the reference points selected 
at which to measure the dose of radiation. The minimum and maximum dosages at these three 
points are considered representative of the dose delivered to the entire uterus. 


TABLE 8.—TABLE ILLUSTRATING THE EFFECT OF RADIATION DOSAGE 
DELIVERED TO THE UTERUS ON THE SURVIVAL RATE. 


ADENOCARCINOMA OF CORPUS UTERI 


Minimum Roentgens Calculated 
at 3 Points Around the Uterus 
4000 or less 
4000 to 5500 
5500 to 7000 
7000 or more 


Total 


bution was obtained when the Roent- 
gen ray films and the clinical features 
were individually considered. Scintilla- 
tion probe counters now make it pos- 
sible to obtain measured dosages in 
the rectum and bladder. If these are 
also considered it would seem possible 
to arrive at a relatively safe yet ade- 


5-Year Survivals 


Treated 
No. No. 
2 28.5 
17 7 41.2 
12 8 66.6 
7 6 85.7 
43 3 53.5 


tionship of clinical improvement for 
the preoperative use of radium or for 
radiation therapy alone. 

If in the data given in Table 8 one 
compares results in patients given com- 
bined treatment with those treated by 
irradiation alone, it can be demon- 
strated that radiation effectively con- 
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trols endometrial cancer. Review of 
the 43 cases reveals a satisfactory uni- 
form and adequate dose to have pre- 
vailed in 19 cases at the time of the ra- 
dium application. Twelve of those 19 
patients had subsequent hysterectomies, 
of whom 9 survived 5 years without 
evidence of disease (75%). Five of the 
7 who were treated by irradiation alone 
survived 5 years (71.4%). Such com- 
parable results speak well for the abil- 
ity of radiotherapy to cure corpus can- 
cer when properly applied. 

Conclusions, 1. Prognosis in corpus 
cancer is affected adversely by enlarge- 
ment of the uterus, and by undifferen- 
tiation of the tumor. 

2. The use of preoperative Roentgen 
rays and radium will improve prog- 
nosis in patients with enlarged uteri 
suitable for hysterectomy. A more sig- 
nificant improvement in results follow- 
ing preoperative irradiation is found 
among patients with undifferentiated 
tumors. No specific explanation is offer- 
ed for that occurrence. 

3. Patients with well differentiated 
tumors in uteri of normal or small size 
present an excellent prognosis for 
treatment by hysterectomy alone. The 
improvements expected for preopera- 
tive irradiation are not demonstrable in 
that group. Patients with the same clin- 
ical criteria but not suited to surgery 
also present an excellent prognosis pro- 
vided a suitable distribution of an ade- 
quate dose of radiation is attained. 

4. Radium treatment should include 
intrauterine and intravaginal applica- 
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tions. In small uteri of normal contour 
a linear arrangement of radium tubes 
adjusted to depth of the uterine space 
may deliver an adequate intrauterine 
dose. In all other instances better re- 
sults will follow the multiple capsule 
packing technique. 

5. Attention to detail and individual- 
ization are required in the attempt to 
arrive at an adequate dose suitably dis- 
tributed throughout the tumor bearing 
region. That is not attainable in every 
instance. 

6. Hysterectomy should be employed 
in all operable patients. Where pre- 
operative irradiation is applied, the dis- 
appearance of recognizable tumor in 
the removed specimen presents a favor- 
able prognostic sign. | 

Summary. The literature dealing with 
clinical aspects and causative factors 
in adenocarcinoma of the uterine cor- 
pus is reviewed. Discussion is given the 
status of radiotherapy used alone or in 
conjunction with surgery. Clinical ex- 
perience is reported for an 18-year 
period at the Barnes and the Barnard 
Free Skin and Cancer Hospitals. An 
attempt is made to explain the indefin- 
iteness that may be apparent in search 
of evidence of improvement in clinical 
results following the use of preopera- 
tive irradiation. The review of pub- 
lished data and the study of clinical 
experience is believed to present evi- 
dence that improvement in therapeutic 
results necessitates more adequate ir- 
radiation and greater individualization 
in selection of method of treatment for 
each patient. 
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